►  OBIT  ...  The  death  of  Harry  Diamond,  at  the 
height  of  his  career,  is  a  severe  loss  to  the  profession  ■ 
and  to  the  Bureau  of  Standards,  where  he  headed 
the  Electronics  Division.  His  work  on  radio  range 
beacons,  the  instrument  landing  system,  the  radio¬ 
sonde  and  the  proximity  fuze,  are  outstanding  con¬ 
tributions  to  aviation  and  military  science.  They 
are  matched  by  an  equal  contribution  to  the  training 
of  young  radio  scientists,  many  of  whom  received 
their  first  inspiration  from  Mr.  Diamond.  He  saw 
electronics  clear  and  he  saw  it  whole.  One  of  his 
last  speeches  contained  a  breakdown  of  the  field  of 
electronics : 

This  was  his  business;  he  served  it  well: 

(1)  Radio  communication  and  broadcasting,  in¬ 
cluding  television  and  facsimile. 

(2)  Electronic  ordnance,  including  radar  fire  con¬ 
trol,  electronic  controls  for  guided  missiles,  proxim¬ 
ity  fuze,  and  electronic  controls  for  underwater 
torpedoes. 

(3)  Radio  navigational  aids,  including  radar,  loran, 
and  other  sea  and  air  navigational  aids. 

(4)  Electronic  power  conversion,  including  dielec¬ 
tric  and  inductive  heating. 

(5)  Electronic  instrumentation  and  controls,  in¬ 
cluding  special  instruments  for  physical,  chemical, 
medical  and  biological  research  and  practice,  and  the 
general  concept  of  the  servomechanism. 

(6)  Electronic  devices  for  mathematical  compu¬ 
tation. 


in  the  vicinity.  An  RMA  Committee  has  given  wide 
circulation  to  this  fact,  and  urged  that  adequate 
shielding  be  employed  to  cure  the  interference.  But 
most  sets  employing  magnetic  scanning  (the  major¬ 
ity  at  present)  are  still  very  noisy  out  to  10  or  20  feet, 
much  more  than  the  thickness  of  the  wall  between 
apartments.  This  nuisance,  if  unabated,  threatens  to 
unsell  a  lot  of  equipment.  Like  the  oscillator  radia¬ 
tion  problem,  it  remains  a  solvable  problem  on  which 
not  enough  money  and  manpower  have  yet  been  spent. 

A  related  miscellany  is  a  letter  from  the  city 
fathers  of  Garden  City,  N.  Y.,  sent  to  all  residents, 
asking  them  kindly  to  refrain  from  erecting  television 
antennas  on  the  roofs  of  that  as-yet-unspoiled  vil¬ 
lage.  Seems  they  have  gone  so  far  as  to  ask  experts, 
who  tell  them  that  the  flat  terrain  of  Long  Island, 
close  to  New  York,  with  no  high  buildings  in  the 
vicinity,  is  ideal  for  aerials  inside  attics. 


►  SEMICONS  .  .  .  From  audion  to  orthicon  (not  for¬ 
getting  pliotron,  kenotron,  thyratron,  and  ignitron) 
it  has  been  customary  to  coin  names  for  the  vacuum- 
tube  family  ending  in  “on”.  Now  comes  another 
family,  practitioners  of  the  art  without  benefit  of 
vacuum.  These  are  the  solid-state  cousins,  the 
crystal  brethren,  the  germanium,  silicon,  copper 
oxide,  selenium  boys.  For  years  these  crystals  have 
rectified,  detected,  responded  to  light  and  to  heat. 
Now,  with  the  coming  of  the  transistor  (described  in 
this  issue),  they  amplify.  Seems  like  the  country 
cousins  ought  to  have  a  name. 

Since  these  crystals  are  electronic  by  occupation,, 
if  not  by  constitution,  we  beg  leave  to  suggest  a  name 
in  the  vacuum-tube  tradition.  To  wit,  semicon:  a 
device  employing  a  semiconducting  material  in  the 
solid  state,  through  which  flows  a  current  capable 
of  being  varied  by  external  physical  influences.  The 
crystal  detector  current  varies  with  the  direction  of 
the  applied  potential;  it  rectifies.  The  barrier-layer 
photocell  current  responds  to  light,  the  thermistor 
current  to  heat.  The  transistor  current  responds  to 
the  magnitude  of  an  applied  voltage;  it  amplifies. 
Respectable  brethren,-  these  semicons,  and  welcome. 


►  TELE-QRN  .  .  .  For  years  the  fight  against  man¬ 
made  interference  has  been  conducted  by  the  men  of 
radio  against  the  great  outside  world,  the  non-radio 
domain  of  electric  shavers,  telephone  dials,-  Ignition 
.systems, '  and  similar  impulsive  characters.  More 
lately,  the  battle  has  assumed  the  character  of  a 
civil  war. 

In  television  engineering,  at  least,  the  arms  of 
brothers  are  raised  in  conflict.  A  television  set  lives 
on  impulses,  at  high  level  in  the  scanning  and  video¬ 
amplifier  circuits,  and  these  pulses,  uncontrolled, 
raise  lots  of  hob  with  other  radio  and  television  sets 


The  TRANSISTOR- 
A  Ciystal  Tiiode 


Germanium  crystal  with  two  cat-whisker  contacts  has  characteristics  of  grounded-grid 
triode  amplifier,  provides  20  db  gain,  25  milliwatts  output  at  frequencies  up  to  10  mega¬ 
cycles.  It  will  replace  vacuum  tubes  in  many  applications  and  open  new  fields  for  electronics 
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KNEW  EGVKX,  operating  on  an 
Xa entirely  new  principle  and  cap¬ 
able  of  many  functions  of  the  elec¬ 
tronic  vacuum  tube,  but  having 
neither  an  evacuated  envelope  nor 
a  hot  cathode,  was  announced  early 
in  July  by  scientists  of  the  Bell 
Telephone  Laboratories.  Known  as 
a  TRANSISTOR  (TRANSfer  re- 
sISTOR) ,  the  device  is  essentially  a 
triode  form  of  the  well  known 
germanium  crystal  diode. 

In  its  present  experimental  form 
the  Transistor  is  a  metal  cylinder 
3/16  inch  in  diameter  and  i  inch 
long,  as  shown  in  Fig.  1.  Inside  the 
cylinder.  Fig.  2A,  is  a  block  of 
germanium  soldered  to  a  metal  disc 
to  which  it  makes  low  resistance 
contact  and  that  grounds  it  to  the 


cylinder.  Two  2-mil  tungsten  wires 
make  contact  with  the  upper  face  of 
the  germanium  at  points  about 
0.002  inch  apart. 

An  input  signal.  Fig.  2B,  in  series 
with  a  small  positive  bias  voltage, 
is  applied  between  the  grounded 
face  and  the  input  cat  whisker 
(emitter).  A  large  negative  bias 
voltage  is  applied  between  ground 
and  the  output  (collector)  point  con¬ 
tact.  The  output  signal  appears 
across  a  load  resistor  in  series  with 
the  negative  bias.  In  this  manner 
a  power  gain  of  100  (20  db)  is  ob¬ 
tained  between  input  and  output  of 
a  Transistor.  The  terminal  charac¬ 
teristics  of  an  experimental  Transi- 
tor  are  shown  in-  Fig.  2C  (see  the 
Phys.  Rev.  p  230,  July  15,  1948.) 


This  is  an  early  unit  having  a  gain 
of  about  15  db.  The  characteristics 
are  typical  of  later  units  having  aa 
average  gain  of  20  db. 

Because  of  its  unique  properties, 
the  Transistor  is  destined  to  have 
far-reaching  effects  on  the  tech¬ 
nology  of  electronics  and  will  un¬ 
doubtedly  replace  conventional  elec¬ 
tron  tubes  in  a  wide  range  of  appli¬ 
cations.  The  Transistor  requires 
no  heater  or  filament  power  and  uses 
the  power  supplied  by  its  bias 
sources  with  high  efficiency.  Under 
typical  operating  conditions  it  " 
draws  only  0.1  watt  from  the  bias 
sources  (about  a  tenth  the  power 
consumed  by  a  flashlight  bulb)  and 
delivers  25  milliwatts  of  useful  out¬ 
put,  thus  having  an  overall  efficiency 


Dr.  Wmiam  Shockley,  who  dlroctod  the  roaoorch.  Dr.  John  Bor- 
dooB.  who  doTolopod  tho  thoory.  and  Dr.  W.  H.  Bratto^  whoM 
•sporimont  rorlilod  it  dtecuii  physics  of  Trandsler 


FIG.  1 — ^Bocoum  of  its  simplicity  tho  Transistor  is  OTon  snudlor 
than  most  snbminlaturo  racuum  tubes.  The  amplifier  itself  con 
be  no  larger  than  its  associated  coupUng  components 
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FIG.  2 — Crysal  triod*  (A)  conAist*  of  two 
cot  whiskerA  connoctod  to  Aoparate  input 
and  output  circuitA  (B)  to  give  character- 
lAticA  (C)  that  produce  high  amplification 


of  25  percent. 

The  Transistor  is  smaller  than  a 
subminiature  vacuum  tube.  It 
seems  likely  to  have  a  useful  life  of 
many  thousands  of  hours  because  of 
its  simple,  sturdy  construction. 
Where  portability  and  low  battery 
drain  are  essential,  as  in  hearing 
aids  and  personalized  radios,  the 
Transistor  appears  ideal.  In  equip¬ 
ment  using  large  numbers  of  ampli¬ 
fiers,  large-scale  computers  being  an 
extreme  example,  the  absence  of  a 
heater  makes  it  possible  to  place 
many  Transistors  in  confined  space 
without  creating  difficulties  in  heat 
dissipation. 

Although  cost  factors  have  not 
been  thoroughly  explored,  Transi- 
tors  should  be  no  more  costly  to 


manufacture  at  present  than  the 
1N34  (high  back-voltage)  german¬ 
ium  diode,  which  lists  for  replace¬ 
ment  at  $1.20  and  is  obtainable  in 
large  lots  by  equipment  manufac¬ 
turers  at  $0.53  apiece.  These  prices 
are  slightly  higher  than  the  prices 
of  a  corresponding  vacuum  diode 
(6H6).  However,  present  costs  of 
crystal  diodes  are  not  representa¬ 
tive  of  inherent  costs.  The  industry 
has  spent  about  40  years  mechaniz¬ 
ing  production  of  vacuum  tubes  and 
has  written  off  engineering  and 
plant  costs  over  that  time.  If  crys¬ 
tal  devices  (diodes  and  Transistors) 
prove  as  successful  in  practice  as 
they  now  appear  to  be,  they  too  will 
be  put  into  mechanized  production 
and  their  cost  reduced.  Ultimately 
they  should  be  cheaper  than  com¬ 
parable  vacuum  tubes  because  of 
their  simplicity  and  because  they  do 
not  require  evacuation,  which  is  the 
most  difficult  step  in  producing 
vacuum  tubes. 

There  are  limitations  to  the  use  of 
Transistors  in  their  present  state  of 
development.  The  power  output  is 
restricted  to  about  25  milliwatts 
per  unit,  or  50  mw  from  a  push-pull 
stage.  A  Transistor  capable  of  de¬ 
veloping  several  watts  output  does 
not  seem  feasible  at  present.  Par¬ 
allel  operation  of  two  or  more  units 
is  possible,  however,  and  could  be 
used  to  increase  the  power  to  a  load 
several  fold.  The  upper  frequency 
of  operation  is  limited  to  about  10 
megacycles  by  transit  time  within 
the  germanium.  Thus  the  Tran¬ 
sistor  is  at  present  useful  at  audio, 
video,  and  the  lower  radio  frequen¬ 
cies,  but  is  unsuited  to  vhf  and  uhf 
applications.  Furthermore,  the 
noise  generated  within  a  Transistor 
is  appreciably  greater  than  that 
produced  in  vacuum  triodes. 

If  the  requirements  of  an  applica¬ 
tion  for  which  the  properties  of 
Transistors  are  suitable  justify 
their  cost  when  they  first  become 
commercially  available,  there  re¬ 
mains  a  temporary  obstacle  to  their 
immediate  use,  namely  engineering 
this  new  device  into  the  circuit.  One 
of  the  principle  problems  requiring 
development  is  matching  the  input 
and  output  impedances  of  the  Tran¬ 
sistor  to  the  circuit.  The  input  im¬ 
pedance  of  the  Transistor  is  low  be¬ 
cause  the  bias  in  the  input  circuit 
causes  current  to  flow  in  the  for¬ 
ward  direction  through  the  point 


contact  of  the  emitter.  On  the  other 
hand,  the  output  impedance  of  the 
Transistor  is  about  a  hundred  times 
higher  than  the  input  impedance  be¬ 
cause  its  bias  causes  current  to  flow 
in  the  reverse  direction  through  the 
point  contact  of  the  collector.  These 
impedance  levels  are  the  opposite 
of  those  for  vacuum  tubes  and  re¬ 
quire  a  new  approach  to  the  coup¬ 
ling  circuits  between  amplifier 
stages.  Intensive  work  on  this 
problem  is  underway.  The  Tran¬ 
sistor  thus  opens  new  fields  for 
clever  design  and  inventive  talent. 

Illustrative  Applicattons 

In  announcing  the  Transistor, 
BTL  scientists  demonstrated  sev¬ 
eral  typical  electronic  devices  in 
which  it  was  used.  A  booster  ampli¬ 
fier  for  telephony  illustrated  its  ap¬ 
plication  to  voice-frequency  ampli¬ 
fication.  A  similar  video  amplifier 
was  also  demonstrated.  Its  low 
power-supply  drain  makes  it  suit¬ 
able  for  telephone  and  television 
repeater  service.  In  fact,  it  requires 
no  more  power  than  that  usually 
available  at  a  subscriber’s  set  from 
the  central  office  batteries  that  are 
connected  to  the  line.  Use  of  a 
Transistor  as  an  oscillator  showed 
the  versatility  of  the  unit.  Use  in  a 
radio  receiver  for  the  standard 
broadcast  band  illustrated  its  prac¬ 
ticality. 

The  radio  receiver  contained  no 
tubes.  It  consisted  of  a  broad-band 
r-f  amplifier,  a  tuned  r-f  stage,  local 
oscillator,  mixer,  three  stages  of 
i-f,  second  detector,  and  four  stages 
of  a-f  amplification,  the  last  being 
push-pull.  A  total  of  11  Transis¬ 
tors  were  used  in  the  amplifier 
stages,  with  2  germanium  diodes 
for  the  mixer  and  detector  stages, 
and  2  selenium  rectifiers  for  the 
power  supply.  The  receiver  brought 
in  local  stations,  delivering  25  mw 
of  audio  power  to  its  loudspeaker. 

At  low  power  levels  crystal  diodes 
and  triodes,  in  conjunction  with 
printed  circuits,  make  possible 
the  extension  of  electronic  tech¬ 
niques.  Existing  equipment  can  be 
made  more  compact.  Transistors, 
having  no  filament,  are  operative 
the  instant  power  is  applied. 

Research  Background 

Research  work  in  .semiconductor 
materials  began  at  least  24  years 
ago.  Germanium  and  other  .semi- 
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surface  of  germanium.  This  sur¬ 
face  layer  would  prevent  the  pene¬ 
tration  into  the  body  of  the  semi¬ 
conductor  of  an  externally  applied 
field  and  thus  account  for  the 
smallness  of  the  changes  in  resist¬ 
ance  observed  in  the  capacitor  ex¬ 
periment.  The  field  created  by 
these  surface  electrons  causes  the 
formation  of  holes  in  the  adjacent 
material,  and  these  holes  conduct 
current.  The  conducting  layer 
may  be  caused  by  an  excess  of  im¬ 
purities  near  the  surface  such  as 
boron  that  accept  electrons  into 
bonds  and  thus  create  holes,  or  by  a 
space-charge  barrier  layer.  Be¬ 
tween  this  P-type  layer  and  the  N- 
interior  is  a  rectifying  barrier. 

When  a  single  point  contact  is 
made,  the  surface  layer  determines 
the  conductivity  for  reverse  cur¬ 
rents  or  small  forward  currents. 
For  large  forward  currents  there  is 
an  increase  in  the  concentration  of 
carriers  (electrons  and  holes).  In 
either  case  (forward  or  reverse 
current)  a  large  part  of  the  current 
is  carried  by  the  surface  conducting 
layer  within  an  area  of  interaction 
very  close  to  the  point.  Within  this 
area  the  conductivity,  which  is 
mainly  by  holes,  is  much  greater 
than  elsewhere  in  the  semicon¬ 
ductor.  The  second  point  contact 
for  the  Transistor  is  added  within 
this  area  of  interaction. 

Transistor  Characteristics 

In  a  Transistor,  the  positive  point 
contact  causes  the  release  of  holes 
in  the  surface  layer  of  the  ger¬ 
manium,  which  is  prepared  in  a 
similar  manner  to  a  high  back-volt¬ 
age  rectifier.  These  holes  spread 
away  from  the  point,  flowing  in  all 
directions  along  the  surface  (but 
not  into  the  body  of  the  semicon¬ 
ductor).  The  holes  reach  the  other 
contact  point  0.005  cm  away,  in  less 
than  a  ten-millionth  of  a  second. 
This  is  the  transit  time  that  limits 
present  performance  to  frequencies 
below  about  ten  megacycles.  From 
this  observation,  it  is  estimated  that 
the  holes  travel  at  the  order  of  100,- 
000  centimeters  per  second.  Higher 
applied  potentials  and  smaller  spac- 
ings,  as  used  in  vacuum  tubes  to  in¬ 
crease  high-frequency  performance, 
may  reduce  this  transit  time.  That 
there  are  holes  capable  of  moving 
from  10  to  100  times  this  speed  is 
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CARBON  STRUCTURE 


FIG.  3 — Conduction  within  a  Mmiconductor  depends  on  the  interatomic  bonds  formed 
by  the  electrons.  Current  flow  in  a  pure  semiconductor  is  difficult  to  produce  (A). 
If  an  impurity  haTing  an  excess  electron  (B)  is  added  then  that  electron  can  carry 
current.  On  the  other  hand,  if  the  impurity  lacks  the  required  number  of  electrons 
for  the  bonds  (C)  the  hole  thus  created  also  malges  conduction  possible 


known  from  estimates  of  their  ther¬ 
mal  velocities. 

The  negative  bias  applied  to  the 
collector  causes  a  very  small  current 
to  flow  from  the  germanium  in  the 
absence  of  hole  conduction  produced 
by  the  emitter.  When  the  pos'tive 
bias  is  applied  to  the  input,  r  w- 
ever,  holes  are  attracted  to  thv:  out¬ 
put  point  contact,  which  is  biased 
negatively,  and  these  are  absorbed, 
thus  increasing  the  current  in  the 
output  circuit.  Variations  in  the 
input  current  change  the  number  of 
holes  released  toward  the  collector 
and  thus  vary  the  output  current 
proportionately.  The  Transistor 
circuit  thus  closely  resembles  a 
grounded-grid  triode  circuit. 

In  a  grounded-grid  vacuum  triode 
the  current  from  the  cathode  is  con¬ 
trolled  chiefly  by  the  potential  be¬ 
tween  it  and  the  grid  (ground) ;  the 
plate  potential  has  little  effect.  In 
the  Transistor  the  positive  bias 
(about  1  volt)  of  the  emitter 
(cathode)  causes  a  small  current  to 
flow  into  the  semiconductor.  The 
negative  bias  (up  to  50  volts)  of  the 
collector  (anode)  is  made  large 
enough  so  that  it  withdraws  about 
the  same  current  (a  few  milliam- 
peres)  from  the  semiconductor. 
While  the  collector  is  a  poor  emitter 
of  electrons,  it  is  a  good  collector  of 
holes.  A  variation  of  the  number 
of  holes  in  the  surface  around  the 
two  point  contacts  is  produced  by 
changes  in  the  input  voltage  of  the 
emitter.  This  variation  changes 
the  current  (carried  by  holes)  to 
the  collector  by  a  factor  of  from  one 
to  two  times  the  change  in  emitter 
current,  depending  on  the  operating 
bias.  Furthermore,  this  change  in 
current  flows  in  the  high  impedance 


of  the  output  circuit,  of  the  order  of 
10,000  to  100,000  ohms.  The  voltage 
change  produced  in  this  high-im¬ 
pedance  circuit  by  the  change  in 
current  is  thus  proportionally  large, 
of  the  same  order  of  magnitude  rel¬ 
ative  to  the  signal  voltage  input  as 
the  ratio  of  reverse  to  forward  im¬ 
pedance  of  the  point  contact.  There 
is  a  corresponding  power  amplifica¬ 
tion  of  the  signal. 

Because  the  output  circuit  can 
influence  the  input  circuit  only  by 
electronic  conduction,  for  which  the 
surface  resistance  is  high,  there  is 
little  coupling  from  output  to  input, 
and  the  circuits,  one  of  low  imped¬ 
ance  (low  power)  and  one  of  high 
impedance  (high  power),  are  prop¬ 
erly  isolated  for  use  in  unilateral 
amplification. 

The  d-c  characteristics  of  a  typi¬ 
cal  experimental  Transistor,  Fig. 
2C,  show  the  interrelation  of  the 
four  variables,  the  two  currents  and 
the  two  voltages.  If  two  are  speci¬ 
fied  the  other  two  are  determined. 
The  effect  depicted  by  these  charac¬ 
teristics  shows  that,  in  addition  to 
the  forward  amplifying  action,  the 
collector  current  lowers  the  poten¬ 
tial  of  the  surface  in  the  vicinity  of 
the  emitter  in  proportion  to  the 
collector  current  times  a  constant 
internal  resistance,  and  thus  in¬ 
creases  the  effective  bias  on  the 
emitter.  This  describes  the  nature 
of  the  back  coupling  that  exists. 
Under  certain  operating  conditions 
this  coupling,  which  represents 
positive  feedbaek,  can  cause  insta¬ 
bility.  Thus,  although  the  principle 
of  operation  is  vastly  different,  the 
Transistor  has  the  properties  of 
vacuum  tube  amplifiers  in  many 
respects. — D.G.F.  and  F.H.R. 
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Its  Purpose 
and  Program 


The  Joint  Technical  Advisory  Committee,  eight  engineers  appointed  by  RMA  and 
IRE,  has  the  important  job  of  advising  government  bodies  and  industry  groups  on 
the  wise  use  and  regulation  of  the  radio  spectrum 


The  central  problem  of  the 
radio  industry  is  the  fact  that 
its  domain,  the  radio  spectrum, 
must  be  administered  and  policed 
by  agencies  subjected  to  com¬ 
mercial  and  political  pressures, 
while  the  by-laws  governing  the 
domain  are  based  on  technicalities 
which  cannot  be  changed  by  com¬ 
mercial  or  political  argument.  In 
each  of  the  major  forms  of  broad¬ 
casting  for  example,  this  funda¬ 


mental  conflict  has  led  to  an  im¬ 
proper  use  of  the  spectrum,  or  to 
faulty  administration  of  it. 

Standard  broadcasting,  put  on  an 
orderly  basis  first  in  1925,  has  suf¬ 
fered  ever  since  from  a  channel 
separation  too  narrow  to  permit 
high-fidelity  transmission,  and  the 
multiple  assignment  of  frequencies 
(to  approximately  2,0()0  stations  at 
present)  has  so  congested  the  spec¬ 
trum  that  serious  interference  is 


the  rule  in  all  but  urban  areas.  Tele¬ 
vision,  ready  to  start  in  1939  on 
standards  not  radically  different 
from  those  now  used,  was  stopped 
dead  in  its  tracks  in  1940  by  an 
intra-industry  fight  which  the  FCC 
was  unwilling  to  referee.  Fre¬ 
quency  modulation  was  first  as¬ 
signed  a  band  from  44  to  50  mi ,  and 
later  moved  wholesale  to  88-108  me, 
to  the  consternation  of  broadcasters 
and  set  owners  alike.  Whatever  the 
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merits  of  the  arguments  in  each  The  success  of  this  effort  led  to  an  particular  services  and  to  recom- 

case,  the  fact  remains  the  public  has  extension  to  cover  additional  classes  mend  standards  and  allocations  for 

suffered  from  an  inadequate  under-  of  radio  service.  This  was  the  them. 

standing  of  the  radio  spectrum  and  Radio  Technical  Planning  Board,  On  July  1st,  1948,  the  RTPB  was  ^ 

its  standards  of  use,  on  the  part  of  which  presented  evidence  to  the  dissolved,  and  its  panels  were  ab-  j! 

regulating  bodies  and  their  ad-  FCC  on  the  post-war  allocation  of  .sorbed  in  the  committee  structures  , 

visers.  frequencies.  Other  groups,  notably  of  the  RMA  and  the  IRE.  This 

One  of  the  first  attempts  to  rec-  the  Radio  Technical  Commission  for  action  was  based  on  the  realization 

tify  this  situation  was  the  forma-  Aeronautics  and  similar  groups  for  that  the  administration  of  the  spec- 

tion  in  1940  of  the  National  Tele-  marine  (RTCM)  and  land-mobile  trum  could  no  longer  be  guided 

vision  System  Committee,  to  advise  (RTCLM)  services  have  been  solely  by  groups  devoted  to  particu- 

the  FCC  on  television  standards,  formed  to  study  the  problems  of  lar  services,  as  were  the  RTPB 
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of  fact,  to  separate  matters  of  fact 
from  matters  of  opinion,  and  to  relate 
the  detailed  findings  to  the  broad 
problems  presented  to  it. 

(e)  To  present  its  findings  m  a 
clear  and  understandable  manner  to 
the  agencies  originally  requesting  the 
assistance  of  the  Committee. 

(f)  To  make  its  findings  available 
to  the  profession  and  the  public. 

(g)  To  appear  as  necessary  before 
Government  or  other  parties  to  inter¬ 
pret  the  findings  of  the  Committee  in 
the  light  of  other  information  pre¬ 
sented. 

Membership.  The  JTAC  shall  con¬ 
sist  of  eight  (8)  members. 

The  members  shall  be  chosen  on  the 
basis  of  professional  standing,  integ¬ 
rity,  and  competence  to  deal  with  the 
problems  to  be  considered  by  the  Com¬ 
mittee.  The  members  shall  be  chosen 
from  among  all  qualified  engineers 
irrespective  of  the  organizations  to 
which  they  belong  or  the  companies  by 
whom  they  are  employed  and  shall 
operate  without  instruction.  Half  of 
the  members  shall  be  nominated  by 
IRE  and  half  by  RMA,  and  the  ap¬ 
pointment  of  all  members  shall  be  con¬ 
firmed  by  both  bodies.  None  of  the 
members  shall  receive  any  regular 
compensation  for  services  from  the 
National  or  any  State  Government. 
There  shall  be  no  alternate  members. 

Members  shall  serve  for  a  term  of 
two  (2)  years,  commencing  July  1  and 
terminating  June  30.  To  assist  in 
maintaining  the  continuity  of  action 
of  the  Committee,  half  the  initial 
roster  of  members  of  the  Committee 
shall  be  appointed  to  serve  two  con¬ 
secutive  terms. 

Officers.  The  officers  of  the  Com¬ 
mittee  shall  be  a  Chairman,  a  Vice- 
Chairman,  and  a  Secretary.  The 
Chairman  and  Vice-Chairman  shall  be 
appointed  from  anfiong  the  eight  mem¬ 
bers  of  the  JTAC  by'  the  Boards  of 
Directors  of  the  IRE  and  of  the  RMA 
on  alternate  years  and  will  serve  for 
a  term  of  one  year,  except  as  may  be 
otherwise  determined  by  the  Boards. 

The  Secretary  shall  be  a  qualified 
individual  appointed  by  tbe  members 
of  the  JTAC  and  shall  serve  for  a 
term  of  one  year.  The  Secretary  shall 
not  be  a  member  of  the  Committee. 

Committees  and  Consultants.  The 
JTAC  shall  make  use  of  existing  com¬ 
mittees  in  the  IRE  and  RMA  organ¬ 
izations  wherever  possible.  Where  a 
qualified  group  does  not  exist,  the 
JTAC  shall  appoint  ad  hoc  committees 
to  study  and  report  on  particular  sub¬ 
jects.  Such  ad  hoc  committees  shall 
be  disbanded  upon  completion  of  their 
assignments.  The  Committee  shall 
also  make  use  of  qualified  sources  of 
information  outside  the  IRE  and  RMA 
organizations,  including  the  engineer¬ 
ing  staffs  of  Government  bodies  as 
well  as  professional,  educational,  and 
industrial  groups  qualified  to  assist  in 
its  program.  Technical  consultants 
may  be  invited  to  assist  upon  occasion, 
by  the  Committee  as  a  whole. 


JTAC'S  FIRST  ASSIGNMENT 

The  FCC  hearing  scheduled  for  Septem¬ 
ber  20th,  1948,  has  the  following  objectives: 

(A)  To  obtain  full  information  concerning  interference  to  the 
reception  of  television  stations  operating  on  chonnels  2  through  13  resulting 
from  adjocent-channel  operation  of  other  services,  from  harmonic  radiations, 
and  from  man-made  noise. 

(B)  To  receive  such  additional  data  as  may  be  available  since  the 
close  of  previous  hearings  (Dockets  6651  and  7896)  concerning  the  propaga¬ 
tion  characteristics  of  the  band  475  to  890  me. 

• 

(C)  To  obtoin  full  information  concerning  the  state  of  development 
of  transmitting  and  receiving  equipment  for  either  monochrome  or  color  tele¬ 
vision  broadcasting,  or  both,  capable  of  operating  in  the  band  475  to  890  me. 

(D)  To  obtain  full  information  concerning  any  proposals  for  the 
utilization  of  the  band  475  to  890  me,  or  any  part  thereof,  for  television 
broadcasting  and  the  standards  to  be  proposed  therefor. 

At  the  request  of  JTAC,  members  of  the  Commission 
staff  prepared  the  following  list  of  detailed  questions: 

(1)  What  is  the  present  state  of  development  of  equipment  in  the  band  475 
to  890  me,  in  regard  to  (a)  transmitters,  tubes  and  components,  (b)  receivers 
and  components,  (c)  antennas,  transmission  lines  and  related  equipment  for 
transmission  and  reception? 

(2)  How  much  experimental  work  has  been  undertaken  in  television 
systems  in  this  band,  with  respect  to  field  operation  (transmitter  hours 
operated,  number  and  distribution  of  receivers,  and  propagation  tests)  and 
laboratory  work  (development  of  receivers,  transmitters  and  tubes)? 

(3)  What  consideration  has  been  given  to  the  costs  of  television  systems 
for  this  band,  particularly  to  the  reduction  of  receiver  costs,  and  the  transfer 
of  cost  burdens  to  the  transmitter? 

(4)  What  areas  of  service  might  be  expected  in  this  band,  based  on  the 
following  assumptions:  (a)  a  porticulor  system,  using  one  of  the  following 
typical  bandwidths:  6  me,  13  me,  20  me;  (b)  radiated  power,  available  now 
and  expected  to  be  available,  say,  10  years  in  the  future,  (c)  receiver  sensi¬ 
tivity,  and  (d)  at  each  of  the  following  typical  frequencies:  475,  600  and 
890  me? 

(5)  What  co-channel  and  adjacent-channel  separations  would  be  appro¬ 
priate  under  the  assumptions  mode  in  item  4,  above? 

(6)  How  many  channels  would  be  avoiloble  in  the  band  475-890  me,  on  the 
assumptions  of  item  4,  above,  and  how  might  they  be  allocated  among  the 
140  metropoliton  districts  of  the  United  States? 


JTAC  has  transmitted  these  questions  to  RMA  and  IRE  com¬ 
mittees  as  well  as  many  other  groups,  such  as  NAB  and  TBA, 
who  may  contribute  to  the  store  of  knowledge.  Any  reader  of 
Electronics  who  has  information  on  these  matters  is  urged  to 
communicate  it  at  once  to  the  JTAC  Secretary,  L.  G.  Cam¬ 
ming,  core  of  the  Institute  of  Radio  Engineers,  1  East  79th 
Street,  New  York  21,  N.  Y. 

-THE  EDITORS. 
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Television  receiver  front-end 
design  is  one  of  the  most  dif¬ 
ficult  problems  engineers  face  today. 
The  quality  and  cost  of  receivers  de¬ 
pends  to  a  large  extent  upon  its 
solution. 

Front  ends  must  have  sufficient 
bandwidth  for  acceptance  of  both 
picture  and  sound  on  each  of  the 
twelve  available  channels;  almost 
everything  else  is  optional  and  at 
the  discretion  of  the  designer. 


R-F  and  Converter 

There  is,  first,  the  question  of 
gain ;  this  is  at  present  achieved  by 
the  inclusion  of  a  stage  of  r-f  ampli¬ 
fication. 

A  triode  used  in  the  r-f  stage 
gives  a  better  signal-to-noise  ratio 
than  a  pentode  but  provides  less 
isolation;  there  is  a  possibility  of 
more  oscillator  voltage  passing 
through  the  tube  and  appearing 
across  the  antenna  terminals.  There 
is,  therefore,  a  trend  toward  the  use 
of  pentodes.  The  6BH6  provides 
adequate  gain  on  the  seven  highest- 
frequency  channels  and  also  reduces 
circuit  loading. 

Theoretically,  the  greater  the 
number  of  tuned  circuits  the  better 
the  performance.  However,  mul¬ 
tiple-tuned  circuits  cannot  always 
be  used  due  to  mechanical  design 
considerations  and  cost,  so  either 
grid  or  plate-circuit  tuning  is  cur¬ 
rently  employed.  Where  grid  tun¬ 
ing  is  used,  separate  antenna  coils 
must  be  provided  for  each  channel, 
with  the  disadvantage  that  more 
switch  points  are  needed.  Where 
plate  tuning  is  used  the  transmis¬ 
sion  line  must  be  fed  into  the  grid 
and  cathode  of  the  r-f  tube,  inas¬ 
much  as  an  input  circuit  balanced 
for  both  signal  and  noise  is  essen¬ 
tial. 

A  gain  of  6  db  is  considered  satis¬ 
factory  at  the  present  time  for  the 
r-f  stage  of  a  television  receiver 
designed  for  use  in  the  average 
location.  An  image-rejection  ratio 
of  40  db  can  readily  be  maintained 
on  all  channels. 

Conversion  can  be  achieved  with 
a  triode,  pentode,  diode,  or  even  a 
crystal  The  6AG5  pentode  per¬ 
forms  well  as  a  converter.  Theoscil-  the  easiest  to  use  as  _  there  is  only 

lator  circuit  must  be  chosen  care-  one  switch  point  involved, 

fully;  a  plate  circuit  grounded  with  Some  sort  of  vernier  appears  to 
respect  to  r-f,  with  a  floating  be  essential,  unless  automatic  fre- 

cathode  and  tuned  grid,  is  probably  quency  control  is  incorporated  into 


RCA  rotory-Bwitch  typ*  front  ond  uaot  transmlMion  lines  and  push-pull  circuits 


Television 
FRONT  ENDS 


R-f,  oscillator  and  mixer  problems  are  discussed,  and  cur¬ 
rent  design  trends  noted.  Suggestions  for  measuring  per¬ 
formance  are  given,  and  tuning  methods  at  present  in  use 
and  on  the  drawing  boards  are  covered  in  detail 


By  A.  D.  SOBEL 

Vice-President,  Television  Engineering 
Franklin  Airloop  Corp. 

Few  York,  N.  Y. 


the  design.  This  is  not  too  difficult 
to  add  if  a  dual  triode  such  as  the 
12AT7  is  used.  One  half  of  the  tube 
functions  as  the  oscillator  and  the 
other  half  is  used  as  a  reactance 
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Possibly  the  greatest  drawback 
today  in  making  accurate  measure¬ 
ments  is  mismatch  due  to  the  feed¬ 
ing  of  a  signal  from  an  unbalanced 
signal  generator  or  sweeper  into  the 
balanced  input  circuit  of  a  receiver. 


To  observe  and  adjust  r-f  gain, 
bandwidth,  and  coupling,  the  author 
feeds  a  suitable  sweeper  into  the 
antenna  terminals  through  a  correct 
match  for  300  ohms.  The  output  is 
taken  at  the  converter  grid  or, 
better  still,  at  its  screen,  and  con¬ 
nected*  to  an  oscilloscope.  If  the 
inductances  are  correct  for  the  dif¬ 
ferent  channels  a  curve  can  be  ob¬ 
served  on  the  oscilloscope  screen 
and  frequency  markers  inserted. 
Coupling  can  be  adjusted  while  ob¬ 
serving  the  curve  on  the  oscillo¬ 
scope. 

Drift  measurements  on  a  front- 
end  unit  should  never  be  made  in 
the  open.  The  unit  should  be  in¬ 
stalled  on  the  chassis  with  which  it 
is  to  be  used  and  in  the  cabinet  in 
which  the  chassis  is  to  be  placed. 
The  proper  temperature-coefficient 
capacitors  can  then  be  incorporated 
into  the  design  to  counteract  the 
effects  of  heating. 

In  designing  a  tuner  the  most  un¬ 
expected  conditions  are  encountered 
at  frequencies  between  60  and  260 
megacycles.  All  sorts  of  resonances 
can  be  expected.  These  frequently 
manifest  themselves  as  absorption 
circuits,  cutting  gain  or  actually 
blotting  a  frequency  out  entirely. 
An  oscillator  may  refuse  to  operate 
entirely  at  certain  frequencies. 
Probably  the  worst  offenders  in  this 
respect  are  heater  chokes  which, 
with  their  by-pass  capacitors,  often 
resonate  in  the  television  band. 
Switch  shafts  and  plates,  frame¬ 
works,  wiring,  and  other  innocent¬ 
looking  items  also  give  trouble. 


Franklin  rotary-switch  assembly  with  die-stamped  transmission  lines 


Tuning  Methods 


GE  rotary-switch  arrangement  has  conventional  inductances 


There  are  several  methods  of  tun¬ 
ing  television  receiver  head  ends, 
and  sometimes  they  are  used  in 
combination.  Typical  methods  are 
enumerated  in  the  following  para¬ 
graphs. 

Rotary  Sioitch.  The  rotary  switch 
has  met  the  needs  of  radio  design 
engineers  for  nearly  twenty  years. 
It  has  successfully  been  applied  to 


tube.  Control  voltage  is  taken  from 
the  discriminator  or  ratio  detector 
in  the  sound  i-f  section  of  the  re¬ 
ceiver. 

An  excellent  and  recommended 


way  to  make  front-end  gain  meas¬ 
urements  is  to  figure  gain  to  con¬ 
verter  plate,  on  the  basis  of  gain 
per  1,000  ohms  of  converter  plate 
load. 
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Among  turrets,  it  is  probably  a  good 
type  as  contacts  are  not  too  difficult 
to  design.  However,  it  has  still 
greater  size  and  more  complex  me¬ 
chanical  structure. 

Permeability  Tuning.  Permeabil¬ 
ity  tuners  have  been  used  success¬ 
fully  for  years  in  radio  receivers, 
and  there  is  no'  reason  why  they 
cannot  be  adapted  for  television  if 
the  designer  is  willing  to  take  the 
disadvantages  along  with  the  ad¬ 
vantages.  ^ 

To  begin  with,  in  order  to  cover 
the  entire  television  band,  the  tun¬ 
ing  spectrum  has  to  be  divided  into 
at  least  two  bands,  with  some 
method  of  switchover  provided. 
Such  a  system  could  be  used  in  two 
different  versions,  the  first  as  a 
continuous-tuning  device  and  the 
second  with  a  detent  and  individual 
channels.  The  first  system  has  the 
advantage  of  smooth  operation  but 
it  will  also  tune  through  all  kinds 
of  interferences.  Placing  a  detent 
in  the  system  eliminates  this  trouble 
but  complicates  the  problem  of  re¬ 
setting.  Inasmuch  as  permeability 
tuning  in  most  cases  depends  on 
very  small  inductance  changes,  the 
problem  of  bringing  slugs  back  to 
exactly  the  same  position  for  given 


Hascltine  sliding  turret  has  indiridual  inductances 


channels,  leaving  it  to  distributor  or 
retailer  to  make  a  station  selection 
satisfactory  to  the  consumer. 

Sliding  Turret.  The  sliding  tur¬ 
ret  is  essentially  a  rotary  turret 
that  has  been  flattened  out  so  that 
it  can  be  moved  sideways  over  or 
under  a  set  of  stationary  contacts. 


television,  sometimes  using  conven¬ 
tional  inductances  and  sometimes 
resonant  transmission  lines. 

On  the  plus  side  of  the  ledger, 
rotary-switch  advantages  include 
low  cost,  sturdy  construction,  and 
noise-free  operation.  The  spacing 
between  the  contacts  is  small,  lend¬ 
ing  itself  to  high-frequency  opera¬ 
tion.  Switches  of  this  variety  are 
compact  and  therefore  keep  the 
overall  size  of  a  unit  to  a  minimum. 
But  this  is  the  very  feature  that 
sometimes  causes  trouble.  Because 
of  its  compact  construction,  the 
average  rotary  switch  is  not  too 
accessible  in  production.  Also,  the 
concentration  of  conventional  in¬ 
ductances  in  a  small  enclosed  area  in 
which  there  are  warm  resistors  and 
hot  tubes  contributes  to  the  drift 
problem.  Use  of  printed  or  stamped 
inductances  as  shown  in  the  upper 
photograph  on  the  preceding  page 
eliminates  most  of  this  trouble. 

Rotary  Turret.  Theoretically,  the 
rotary  turret  represents  excellent 
television  head-end  design.  By  ro¬ 
tating  coils,  lead  lengths  can  be  kept 
constant  for  all  channels,  providing 
a  good  LC  ratio.  But  this  system, 
too,  has  disadvantages.  Contacts 
are  difficult  to  design  and,  if  satis¬ 
factory,  are  generally  very  ex¬ 
pensive.  Also,  size  easily  gets  out 
of  bounds  if  all  twelve  channels  are 
provided.  Some  manufacturers  cir¬ 
cumvent  this  by  providing  eight 


Franklin  push-button-type  tuner  formed  of  stampings 
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channels  is  very  difficult  indeed. 

Indrictive  Tuning.  Inductive  tun¬ 
ing  has  the  advantage  of  smooth 
operation.  On  the  other  hand,  it  is 
mechanically  complex  and  expen¬ 
sive.  The  idea  ordinarily  involves 
use  of  a  rotating  cylinder  upon 
which  wire  is  wound  in  grooves.  A 
small  contact  wheel  engages  the 
first  turn  when  the  coil  form  ro¬ 
tates,  and  travels  over  its  entire 
length  as  the  cylinder  is  turned. 

Variable  Capacitance.  The  old 
reliable  workhorse  of  radio,  the 
variable  capacitor,  has  not  been  for¬ 
gotten.  Although  most  designers 
have  not  employed  such  devices  be¬ 
cause  of  the  wide  frequency  range 
that  must  be  covered  in  a  television 
head  end,  one  has  actually  been  de¬ 
veloped.  The  unit  referred  to  re¬ 
quires  a  high-low  bandswitch. 

Pushbutton.  Two  different  push¬ 
button  tuners  have  been  developed. 
The  first  uses  a  conventional  push¬ 
button  switch  and  the  three  associ¬ 
ated  tubes  are  mounted  on  the  main 
television  receiver  chassis  rather 
than  in  the  head-end  unit.  To  over¬ 
come  the  normal  high  inductance  of 
the  contacts,  a  series  capacitor  is 
placed  in  the  transmission  line  and  a 
small  variable  capacitor  at  each 


pacitance  adjustable  through  the 
front  of  the  tuner.  In  cases  where 
automatic  frequency  control  is  used 
the  vernier  becomes  an  internal 
adjustment  to  compensate  for  dif¬ 
ferent  tube  capacitances  when  and 
if  the  oscillator  tube  is  replaced. 

A  6BH6  tube  is  incorporated  in 
the  r-f  stage.  The  antenna  input  is 
between  grid  and  cathode  terminals 
and  is  balanced  and  matched  for  a 
SOO-olyn  line.  The  grid  of  the  tube 
may  be  used  with  automatic  gain 
control.  The  plate  is  tuned  and 
overcoupled  to  the  grid  of  the  con¬ 
verter,  which  is  a  6AG5.  The  grid 
of  the  converter  is  tuned  and  the 
two  circuits  are  coupled  with  fixed 
capacitors  before  channel  13  and  at 
channel  7.  Injection  voltage  at  the 
grid  averages  3  volts. 

The  oscillator  is  a  conventional 
6C4  with  plate  grounded  with  re¬ 
spect  to  r-f  and  a  choke  in  the 
cathode  circuit.  The  grid  of  the 
oscillator  is  tuned. 

The  heavy  framework  of  the 
tuner  readily  dissipates  heat,  while 
the  stamped  inductances  are  com¬ 
paratively  far  away  from  the  heat 
sources.  Oscillator  drift  is  readily 
compensated  for  by  means  of  tem¬ 
perature-coefficient  capacitors  when 
the  tuner  is  used  in  different  chassis 
and  cabinets.  Should  a  situation 
arise  in  which  spurious  signals  are 
received  in  particular  locations  a 
trap  for  the  offending  signal,  or  an 
additional  tuned  circuit  to  bring  up 
the  wanted  signal,  or  both,  can  be 
readily  added.  Threaded  holes  are 
provided  on  the  rear  of  the  switch 
for  this  purpose.  However,  no  spuri¬ 
ous  responses  have  been  found  so 
far. 


pushbutton  position  to  ground.  The 
capacitors  act  as  padders.  For  12 
channels,  36  trimmers  are  thus  used. 

The  second  pushbutton  switch  re¬ 
ferred  to  comprises  a  framework 
designed  to  accommodate  tubes  and 
wiring.  Space  is  provided  near  the 
converter  tube  for  the  first  i-f  coil 
or  trap,  while  more  space  is  avail¬ 
able  for  broadcast  or  f-m  compon¬ 
ents.  Contacts  are  large*and  heavy 
and  their  inductance  at  the  fre¬ 
quencies  used  is  low.  The  moving 
contacts  are  welded  to  the  pushrods 
and  are  self-aligning.  Incorporated 
in  this  unit,  and  an  important  part 
of  its  design,  are  die-stamped  cir¬ 
cuits.’ 


Pushbutton  Tuner  Details 


In  the  Franklin  Airloop  Corpora¬ 
tion  pushbutton  tuner  referred  to 
above  only  four  adjustments  are 
necessary.  Three  coils  have  an  in¬ 
ductive-tuning  arrangement  consist¬ 
ing  of  a  4  32  brass  screw  with  a  i 
head.  Moving  the  head  of  the  screw 
closer  to  or  farther  away  from  the 
die-stamped  coil  provides  necessary 
frequency  adjustment.  A  similar 
device  in  the  oscillator  circuit  tunes 
the  low-frequency  channels. 

The  oscillator  has  a  vernier  ca¬ 


Future  Trends 


Present-day  tuners  serve  their 
purpose  well,  considering  the  eco¬ 
nomics  of  the  market,  but  already 
new  and  better  front  ends  are  on 
the  drawing  boards  for  1949  and 
1950.  It  will  take  time  to  complete 
design,  field  test  and  tool  up. 

The  trend  is  toward  more  gain, 
greater  stability  and,  particularly, 
greater  freedom  from  interfering 
signals.  Multiple  stages  of  r-f  are 
possibly  in  the  offing.  Certainly 
more  tuned  circuits  are  coming. 


Reference 

(1)  stamped  Wiring,  Electronics,  p  8: 
June  1947. 


Philco  rotary  turret  using  replaceable  coil  assemblies 
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High-Speed 
Revolution  Countei 


Supercharger  impellers  for  DC-6  and  DC-9  aircraft  cabins 
are  tested  up  to  30,000  rpm  by  means  of  a  capacitanw 
pickup,  a  transducer,  and  a  frequency  meter.  No  mechani¬ 
cal  connection  is  made  to  the  impeller  shaft,  and  no  load 
is  added  to  the  system 


By  ALVIN  B.  KAUFMAN 

Douylatt  Aircraft  Company 
Los  Angelea,  CaUfomia 


FIG.  1 — PIcknp  unit,  showing  dural  Tonos 


There  has  long  been  a  need  for 
a  revolution  counter  for  high¬ 
speed  machinery  which  does  not 
attach  to  the  rotating  shaft  or  load 
it  in  any  way.  A  device  which  ful¬ 
fills  these  requirements  and  which 
is  particularly  suited  for  indicating 
rpm  or  rps  of  rotating  fan,  pro¬ 
peller  or  impeller  blades  is  de¬ 
scribed. 

The  units  illustrated  are  pres¬ 
ently  employed  for  determining  the 
rpm  of  engine-driven  cabin  super¬ 
chargers.  The  impeller  of  such  su¬ 
perchargers  operates  at  30,000  rpm 
or  more.  Similar  units  can  be 
adapted  for  use  with  turbines,  or 
any  rotary-blade  machinery,  with¬ 
out  altering  or  adding  anything  to 
the  machine. 

Three  items  of  equipment  are  re¬ 
quired.  These  are:  the  pickup,  a 
capacitance  transducer,  and  an  elec¬ 
tronic  frequency  meter  or  tachom¬ 
eter.  The  pickup  consists  of  one  or 
more  insulated  vanes,  located  ad¬ 
jacent  to  the  rotating  shaft  or  at¬ 
tached  blades  so  as  to  vary  its  ca¬ 
pacitance  to  ground  with  rotation 
of  the  shaft.  The  capacitance-trans¬ 
ducer  supplies  an  alternating  volt¬ 
age  whose  frequency  is  proportional 
to  shaft  rpm.  The  alternating  volt¬ 
age  is  applied  the  electronic  fre¬ 


Tett  stand  for  an  aircraft  cabin  supercharqoi 


quency  meter  or  tachometer  which 
employs  a  scale  calibrated  in  terms 
of  rpm  revolutions  per  minute. 

Pickup 

As  the  pickup  works  on  a  capac¬ 
itance  principle,  it  is  necessary  to 
use  a  connecting  cable  whose  ca¬ 
pacitance  is  low  and  yet  constant 
despite  movement  or  vibration.  A 
suitable  cable  is  RG8/U  coaxial. 


The  variation  of  pickup  capac¬ 
itance  should  be  at  least  five  per¬ 
cent  of  the  total  input  capacitance, 
but  operation  on  smaller  percent¬ 
ages  is  possible  under  low  vibra¬ 
tion  conditions.  A  one-vane  pickup 
was  originally  used  and  proved 
satisfactory  up  to  10,000  rpm,  but 
was  later  discarded  in  favor  of  a 
four-vane  pickup  pictured  in  Fig.  1. 
It  should' be  noted  that  the  number 
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ing  between  impeller  blades,  and 
transducer  sensitivity.  Using  a  two- 
foot  RG8/U  cable  with  the  pickup 
illustrated,  spacings  up  to  one-quar¬ 
ter  inch  have  been  employed.  Spac¬ 
ing  may  best  be  determined  by  test, 
but  in  any  case  close  tolerances  are 
unnecessary.  Airflow  restriction 
may  be  limited  to  a  low  value  by 
proper  design  of  the  pickup.  This 
again  hinges  upon  use  of  the  pick¬ 
up  in  (Jitferent  fields. 


Transducer 


The  transducer  unit  changes  va¬ 
riation  .in  pickup  capacitance  into 
useful  audio-frequency  voltage 
suitable  for  application  to  the  elec¬ 
tronic  frequency  meter  or  tachom¬ 
eter.  It  consists  of  the  familiar 
capacitance  relay  or  radio-fre¬ 
quency  oscillator,  a  detector  and  a 
one-tube  amplifier,  as  shown  sche¬ 
matically  in  Fig.  2. 

The  r-f  oscillator  is  adjusted  to 
oscillate  feebly.  The  pickup  is  con¬ 
nect^  so  that  every  time  its  capac¬ 
itance  increases  it  shunts  the  oscil¬ 
lator-feedback  circuit  more,  and 
thus  causes  the  oscillator  to  drop 
its  r-f  output  voltage.  The  r-f  car¬ 
rier  is  rectified  and  the  a-c  compo¬ 
nent  caused  by  variations  in  signal 
due  to  changing  pickup-plate  capac¬ 
itance  is  amplified.  Output  must  be 
over  two  volts,  but  not  over  two 
hundred,  to  operate  the  frequency 
meters  or  tachometers  in  use.  As 
the  output  voltage  is  not  critical 
and  does  not  affect  the  rpm  indica¬ 
tion,  the  transducer  requires  no 
gain  stabilization. 

The  oscillation  frequency  of  the 


Control  panel  for  the  reTolution  counter 


of  pickup  elements  does  not  change 
the  output  frequency,  which  is  de¬ 
termined  by  the  number  of  vanes 
or  blades  on  the  rotating  shaft. 
However,  under  extremes  of  vibra¬ 
tion  or  weaving  of  the  rotating 
blades  a  high  degree  of  hash  may 
be  produced.  These  stray  varia¬ 
tions  in  capacitance  are  corrected 
by  the  use  of  a  multielement  pickup 
which  automatically  balances  them 
out.  As  one  blade  weaves  closer  to 
a  vane  its  increase  in  capacitance 
is  balanced  by  another  blade,  180 
degrees  away,  moving  away  from  a 
vane  or  pickup  element.  With  the 
four-element  pickup,  good  wave¬ 
form  is  delivered  to  the  electronic 
frequency  meter. 

There  are  several  other  factors 
that  must  be  considered  in  the  de¬ 
sign  of  the  pickup.  In  theory  it  is 
nothing  but  an  insulated  metal 
plate.  The  size  and  shape  is  not 
critical,  but  is  chosen  so  that  the 
impeller  blade  is  not  under  the 
plate  for  more  than  50  percent  of 
its  travel  before  the  next  blade 
passes  under  the  plate.  This  gives 
roughly  a  1-to-l  low  to  high  capac¬ 


itance  cycle,  delivering  through  the 
transducer  a  substantial  sine  wave. 
The  electronic  frequency  meters  or 
tachometers  require  an  on-to-off 
or  vice-versa  alternation  of  input 
voltage  preferably  1  to  1  but  not  to 
exceed  4  to  1  for  a  highly  accurate 
indication. 

The  spacing  of  the  plate  or 
pickup  vane  to  the  element  depends 
upon  input  cable  capacitance,  spac- 
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FIG.  2 — The  capacitance  transducer.  Plate  series  capacitor  is  Tarioble 
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FIG.  3 — Circuit  of  Howlett-Packard  frequency  meter  and  tachometer  used  as  a  speed  indicator  for  testing  cabin  superchargers 


transducer  is  not  critical  and  for 
this  reason  the  oscillator  coil  is  not 
tuned.  Where  the  particular  coil 
specified  in  the  drawings  is  not 
available,  the  oscillator  should  pre¬ 
ferably  be  set  to  operate  between 
500  and  2,000  kilocycles.  This,  in 
part,  depends  upon  the  capacitance 
change  available  in  a  particular 
application.  Input  capacitance  as 
well  as  the  size  of  the  feedback 
variable  capacitor  determines  op¬ 
timum  frequency. 

The  setting  of  the  variable  ca¬ 
pacitor  will  depend  upon  three 
feedback  functions:  frequency  of 
oscillation,  feedback  ratio  in  tank 
coil,  and  cable  and  pickup  shunting 
capacitance.  Optimum  capacitor 
setting  may  best  be  determined  ex¬ 
perimentally  for  each  individual 
application.  The  capacitor  is  ad¬ 
justed  to  the  point  where  the  oscil¬ 
lator  is  not  ,  oscillating  strongly. 
This  is  accomplished  with  the  aid 
of  the  1.5-ma  meter,  which  indi¬ 
cates  rectified  r-f  current  from  the 
detector.  The  output  winding  on 
the  tank  coil  is  wound  so  as  to  give 
a  1.0  to  1.5-ma  indication  on  the 
meter  when  the  oscillator  is  func¬ 
tioning  correctly. 

The  output  impedance  of  the 
original  transducer  was  not  con¬ 
sidered  critical,  as  the  output  volt¬ 
age  was  high  and  a  shielded  cable 
was  to  be  used.  However,  this  de¬ 
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FIG.  4 — Redrawn  frequency-meter  scale,  giving  rpm  directly 


veloped  into  a  critical  point  because 
of  the  high  output  frequency.  A 
sixteen-blade  impeller,  rotating  at 
30,000  rpm,  has  an  output  fre¬ 
quency  of  16  times  30,000  divided 
by  60.  This  gives  an  output  fre¬ 
quency  of  8,000  cycles.  Therefore, 
in  the  first  units  is  was  necessary 
to  use  RG7/U  cable  (14  [ifiif  per 
ft.)  to  connect  the  transducer  to  the 
frequency  meter.  The  amplifier 
tube  and  circuit  components  were 
then  changed  to  give  lower  output 
impedance. 

It  would  be  desirable,  in  new 
units,  to  use  a  plate-to-500-ohm-line 
transformer  in  the  transducer  and 
a  500-ohm  line  to  grid  transformer 
at  the  frequency  meter  or  tachom¬ 
eter.  Thus  there  would  be  no  limi¬ 
tations  on  cable  length  between 
the  two  units. 


The  rpm  may  be  read  directly  on 
the  electronic  tachometer  dia¬ 
grammed  in  Fig.  3.  One  cycle  is 
produced  per  revolution  at  the 
pickup.  Where  many-bladed  devices 
are  used  it  is  preferable  to  use  an 
electronic  frequency  meter.  In  this 
case,  rpm  may  be  read  by  using  the 
calculation  rpm  =  freq.  x  60  -r-  no. 
blades.  This  calculation  may  be  re¬ 
duced  to  chart  form,  but  it  is  pre¬ 
ferable  to  draw  a  new  scale  to  be 
used  with  the  instrument,  as  shown 
in  Fig.  4. 
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Dielectric  Heating 
of  Thin  Films 


Development  of  electrode  structures  for  applying  high  power  to  dielectric  films  is 
described.  Limitations  imposed  hy  air  gap  for  usually  encountered  applications  are 
analyzed.  It  is  also  shown  that  average  power  should  he  close  to  instantaneous  peak  power 


SolTent,  used  to  flow  Him  onto  a  cellulose  backing,  is  preheated  before  being  remoeed 
in  on  OTen.  Using  the  electronic  preheater  increased  productiTity  oi  the  plant  40 

percent 


By  THEODORE  C.  GAMS 

Chief  Engineer 

Allied  Laboratory  Instrument,  Inc. 
New  York,  N.  Y. 

Although  dielectric  heating 
,has  established  itself  as  an  in¬ 
dustrial  process,  its  application  in 
some  fields  has  been  limited  by  diffi¬ 
culties  in  load  matching ;  that  is,  the 
design  of  appropriate  electrode 
structures  for  the  efficient  transfer 
of  power  to  the  work  to  be  heated. 

One  field  of  application  in  which 
load  matching  has  been  particularly 
troublesome  is  the  heating  of  thin 
films  or  sheets  of  either  liquid  or 
solid  material.  This  field  embraces 
a  large  group  of  industrial  pro¬ 
cesses,  as  shown  in  Table  I. 

Difficulties  of  Heating  Films 

To  appreciate  the  problems  pre¬ 
sented  by  loads  consisting  of  thin 
films,  consider  Fig.  lA;  A  typical 
film,  often  less  than  A-inch  thick 


TABLE  I — Principal  Applications 


Drying  Plastic  Coatings 
Waterproofing  textiles 
Manufacturing  artificial  leather 
Glazing  cloth  and  paper 

Drying  Liquid  Films 
Baking  point  and  lacquer 
Drying  printing  inks 
Heating  adhesive  films  (such  as  book* 
binding  and  adhesive  tapes) 

Setting  flocked  coatings 

Heating  Solid  Films 
I  Curing  sheets  of  resin  (such  as  gutta- 
'  percha) 

Heat-sealing  laminates  (such  as  glass 
to  paper,  paper  to  wood,  paper  to 
paper  and  cloth  to  paper) 

Drying  Impregnonts 
Sizing  cloth  and  yarn 
.  Setting  impregnated  paper  and  cloth 


and  several  feet  long  and  wide,  con¬ 
stitutes  the  dielectric  of  a  flat-plate 
capacitor.  The  dielectric  constant 
of  the  load  material  is  rarely  less 
than  four,  and  the  power  factor  is 
generally  not  very  high,  perhaps 
five  percent.  If  the  film  remains 
dry  and  solid  during  the  heating 
process,  so  that  it  may  touch  the 
electrodes,  the  electrodes  may  be  of 
the  conventional  parallel-plate  type. 

An  examination  of  such  a  load 
shows:  (1)  high  capacitance,  due  to 
close  spacing  and  large  area  of  the 
plates,  (2)  short  air  gap  between 
plates,  (3)  necessity  for  flat,  rigid, 
and  parallel  electrodes  (to  avoid  air 
spaces  which  cause  cold  spots  in  the 
load),  (4)  loss  of  heat  because  the 
electrodes  have  high  thermal  capac¬ 
ity,  (heatihg  the  plates  by  external 
means  helps  in  eliminating  this 
problem),  (5)  necessity  for  a  high 
frequency  to  obtain  rapid  heating, 
because  the  short  plate-to-plate 
spacing  will  not  permit  the  use  of 
high  voltages,  (6)  difficulty  of  ob¬ 
taining  uniformity  of  field  with  h-f 


and  long  dimensions  due  to  standing 
waves  across  the  electrodes.  Stub¬ 
bing  is  helpful  in  reducing  non  uni¬ 
formity,  but  does  not  eliminate  the 
problem.  If  the  load  is  moving 
through  the  electrodes,  standing 
waves  in  that  one  direction  are  un¬ 
important  (7)  generation  of  suffi¬ 
cient  power  at  h-f  required  by  a 
short  cycle  may  be  difficult  (8) 
transmission  of  power  to,  and  estab¬ 
lishment  of  voltage  across  such  a 
low  capacitance  at  the  desired  h-f  is 
often  impractical  (resonating  the 
load  by  parallel  stub  inductances  is 
sometimes  possible),  and  (9)  circu¬ 
lating  currents  required  are  often 
prohibitively  high,  because  these 
loads  raise  allowable  minimum  gen¬ 
erator  tank-circuit  current. 

Air  Gap  Lowers  Load  Voltage 

The  parallel-plate  problem  is  even 
more  severe  in  loads  which  may  not 
be  touched  on  one  or  both  surfaces 
by  the  electrode  plates.  There  are 
several  reasons  for  such  a  restric¬ 
tion.  The  surfaces  may  be  wet,  as 
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FIG.  1 — H*ating  thin  lilnu  making  them  the  dielectric  of  parallel  plate  capacitors  (A)  is  diiiicult  ii  there  is  an  air  gap  (B) 
comparable  to  the  thickness  of  the  film,  the  ratio  of  applied  voltage  to  load  voltage  is  rising  rapidly  (C)  with  gap  width. 
If  it  were  not  for  excessive  leakage  (D)  the  electrodes  could  be  placed  at  the  edge  of  the  film 


in  the  case  of  adhesives  and  paints. 
The  surfaces  may  give  off  water  or 
other  solvent  vapors  while  heating 
which  must  escape  freely.  In  the 
case  of  curing  sheets  of  natural 
resins,  the  material  is  often  too 
fragile  to  withstand  pressure. 

In  the  above  examples,  an  air  gap 
(Fig.  IB)  must  be  maintained  be¬ 
tween  load  and  one  or  both  elec¬ 
trodes.  This  air  gap  creates  further 
load-matching  problems.  In  both 
Fig.  lA  and  IB  the  minimum  volt¬ 
age  Fb  at  which  ionization  will  oc¬ 
cur  in  the  air  space  extending  from 
the  edge  of  one  electrode  plate  to 
the  edge  of  the  opposite  plate  is 
Vm  =  Kb  D  where  D  is  the  spacing 
between  plates  and  A*  is  the  dielec¬ 
tric  strength  of  air,  which  is  nearly 
constant  for  well-rounded  plates 
spaced  fairly  close  together. 

The  load  voltage  Vl  required  to 
accomplish  the  desired  heating  (at 
any  one  frequency)  is  Ft  =  (P/o) 
Cl  cos  6)*^*  where  P  is  the  average 
power  required  by  heating  cycle 
plus  losses,  u)  is  2  It  X  frequency  of 
operation,  Ct  is  capacitance  repre¬ 
sented  by  the  load  itself,  and  cos  6 
is  the  power  factor  of  the  load. 

In  Fig.  lA,  Ft  is  equal  to  the 
plate-to-plate  voltage  F,  because 
there  is  no  airgap.  In  Fig.  IB  it  is 
F,  is  somewhat  higher  than  Ft, 
due  to  the  series  air-gap  capacitor 
Co  of  thickness  G,  the  same  area  as 
Cl,  but  having  a  dielectric  constant 
of  only  unity. 

Neglecting  the  effect  of  the  resis¬ 
tive  component  of  the  load  Rl  the 
plate-to-plate  voltage  must  be  at 
least  F,  =  Ft  (,Cl/Cp)  where  Cp  = 
Cl  Co  /  {Cl  +  Co),  the  equivalent 
capacitance  of  the  load  capacitor 


and  air.rgap  capacitor  in  series.  The  basic  limitation  inherent  in 

Because  air  has  a  dielectric  con-  the  ^arallel-plate  method  arises 
stant  of  unity,  and  the  lowest  dielec-  from  attempting  to  heat  the  mate- 
trie  constant  commonly  encountered  rial  through  its  thin  dimension, 
for  film  materials  is  about  four,  it  Most  of  the  difficulties  outlined 
is  apparent  that,  if  G  is  made  equal  above  would  disappear  if  it  were 
iof  F  (and  it  often  must  be  ten  or  possible  to  cause  large  r-f  currents 
more  times  as  large)  the  plate-to-  to  flow  through  one  of  the  long 
plate  capacitance  Cp  is  no  more  than  dimensions  of  the  film. 

Ct/5.  There  are  two  methods  of  achiev- 

The  required  plate-to-plate  volt-  ing  longitudinal  currents:  (1)  by 
age  Vp  has  thus  been  increased,  by  direct  connection  to  the  edges  of  the 
the  presence  of  the  air  gap  for  film,  and  (2)  by  stray-field  config- 
G  =  F  to  5  Fi,  or  five  times  the  urations..  Figure  ID  shows  that 
plate-to-plate  voltage  required  with  the  aspect  ratio  of  the  capacitor 
no  air  gap.  This  illustrates  the  formed  by  the  direct-connection 
fundamental  difficulty  introduced  by  method  is  extremely  high,  thus 
air  gaps.  In  the  above  example,  the  causing  very  low  efficiency ;  electri- 
minimum' breakdown  voltage  with  cal  and  thermal  radiation  losses  and 
air  gap  is  only  twice  the  minimum  fringing  are  high,  and  the  apparent 
without  air-gap,  because  F  =  G.  power  factor  cf  the  load  is  many 
Of  course,  when  the  dielectric  times  lower  than  the  actual  power 
constant  of  the  load  is  nearly  that  of  factor  of  the  load  material.  The 
air,  or  when  the  spacing  is  very  only  applications  in  which  a  high 
small  compared  to  the  film  thick-  aspect  ratio  is  acceptable  are  those 
ness,  the  effect  of  an  air  gap  may  in  which  both  power  factor  and  di- 
be  small.  Figure  1C  is  a  plot  of  electric  constant  of  the  load  material 
Vp/Vl  vs  G/F  for  different  values  are  very  high,  as  in  the  case  of 
of  K,  the  dielectric  constant  of  the  thin  films  of  water-borne  adhesives, 
load.  although  even  then  aspect  ratios 

The  above  analysis  holds  for  any  greater  than  100  are  to  be  avoided, 
load  in  which  the  power  factor  is 
low  enough  so  that  the  resistive 
component  of  the  load  may  be  neg¬ 
lected.  The  difficulty  increases  if 
the  power  factor  is  high,  because 
the  ratio  Vp/Vl  becomes  even  method, 
larger. 

Some  advantage  is  obtained  be¬ 
cause  the  air  gap  reduces  the  heat 
losses  to  the  electrode  plates,  and 
thus  reduces  the  required  load  volt¬ 
age.  This  advantage  does  not,  in 
general,  compensate  for  the  rise  in 
Vp,  except  for  very  small  air  gaps. 


Stray-Field  Heating 

The  stray-field  method  of  causing 
longitudinal  currents  to  flow  is  gen¬ 
erally  superior  to  the  parallel-plate 
A  number  of  practical 
configurations  are  shown  in  Fig.  2. 
The  field  intensity  due  to  any  of 
electrodes  is  nonuniform 


these 

across  the  length  of  the  film,  which 
requires  that,  if  the  film  does  not 
normally  move  continuously  past  or 
through  the  electrodes,  it  (or  the 
electrode  structure)  must  be  moved 
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FIG.  2 — Arranging  nlnctrodes  of  opposite  polarity  adiacent  to  each  other  along  the  film  (A)  or  on  ojjposite  sides  of  it  (B)  minimises 
the  effect  of  air  gap.  The  technique  con  be  applied  in  Torious  ways  (C)  and  (D)  depending  on  requirements 


by  a  suitable  oscillating  or  continu¬ 
ous  conveyor  system.  However,  at 
least  80  percent  of  the  thin-ftlm 
loads  encountered  in  h-f  heating  are 
incorporated  in  continuous-produc¬ 
tion  processes  which  not  only  re¬ 
quire  very  little  mechanical  revision 
for  the  use  of  the  electrodes  of  Fig. 

2  but  also  provide  the  motive  power 
for  the  film. 

Electrodes  of  the  type  illustrated 
have  none  of  the  disadvantages 
outlined  previously.  Furthermore: 
(1)  the  capacitance  represented  by 
the  electrodes  (with  the  load  in 
place)  is  relatively  small,  (2)  the 
air-gap  between  electrodes  is  rela¬ 
tively  large,  and  the  electrodes 
themselves  are  generally  cylindrical 
or  of  a  similar  shape  which  discour¬ 
ages  arcing,  (3)  exact  alignment  of 
the  electrodes  is  unnecessary  be¬ 
cause  the  relative  motion  between 
the  film  and  the  electrodes  tends  to 
cancel  misalignment  errors,  (4) 
little  or  no  heat  loss  occurs  because 
the  electrodes  may  be  designed  with 
small  mass,  and,  even  when  in  direct 
contact  with  the  film,  present  a  very 
small  area  of  contact,  with  a  conse¬ 
quently  small  conduction  loss,  (5) 
the  field  intensities  required  to  per¬ 
form  a  given  job  of  heating  are 
generally  lower  than  those  required 
by  parallel-plate  electrodes,  (6)  by 
means  of  relatively  simple  coupling 
networks  it  is  possible  to  feed  long 
sections  of  these  electrodes  with  h-f 
power  without  difficulty  due  to 
standing  waves,  (7)  because  voltage 
requirements  are  not  as  restrictive, 
and  because  arcs  are  discouraged  by 
this  type  of  electrode,  most  work 
can  be  done  below  30  me,  which 
simplifies  the  power  generation 


problem,  (8)  the  transmission  of 
power  to  and  the  establishment  of 
voltage  across  these  electrodes  may 
be  accomplished  by  ordinary  meth¬ 
ods,  and  (9)  the  circulating  cur¬ 
rents  required  by  loads  of  this  type 
are  not  excessive,  and  conventional 
generators  will  readily  handle  them. 

The  disadvantages  of  maintain¬ 
ing  an  air  gap  have  not  been  elimin¬ 
ated  by  selecting  this  different 
method  of  introducing  r-f  currents 
into  the  load.  But  selecting  this 
type  of  electrode  permits  a  wider 
margin  of  safety  between  required 
plate-to-plate  voltage  and  the  mini¬ 
mum  breakdown  voltage  of  the 
structure. 

All  of  the  electrodes  illustrated  in 
Fig.  2  are  practical.  Selection  of 
the  proper  one  for  a  given  problem 
is  dictated  by  such  factors  as:  (1) 
whether  or  not  the  electrodes  may 
touch  the  load,  (2)  the  type  of 
mechanical  structure  permitted  by 
the  process  to  which  h-f  heating  is 
being  added,  and  (3)  the  power 
factor,  dielectric  strength,  and 
mechanical  characteristics  of  the 
film  to  be  heated. 


.INSTANTANEOUS  UNF».TERE0  POWR 
.--FILTERED  POlRER 


FIG.  3 — Arcing  at  the  applicator  elec¬ 
trodes  limits  the  peak  Toltage  that  con 
be  applied.  By  filtering  the  power  supply 
the  effectiTe  rate  of  heating  com  be  about 
doubled 


Because  of  the  shape  of  the  elec¬ 
trodes,  they  tend  to  radiate  consid¬ 
erably,  and  must  be  shielded.  Tun¬ 
nel  shields  which  fit  around  the  elec¬ 
trodes  snugly  and  extend  some  dis¬ 
tance  beyond  them  are  quite  effec¬ 
tive.  Radiation  losses  under  shielded 
conditions  are  negligible.  It  is  im¬ 
portant  that  all  surfaces  of  the  elec¬ 
trode  structure,  particularly  the 
ends  of  the  electrode  bars,  be  well 
rounded  and  polished.  It  is  best  to 
use  large  diameter  rods  with  half- 
sphered  ends. 

Design  engineers  will  find  that 
there  is  an  optimum  ratio  of  spac¬ 
ing  of  the  electrodes  to  their  diam¬ 
eters  for  any  given  configuration 
and  load.  This  ratio  is  often  affected 
by  the  number  of  electrode  pairs 
used  in  an  array.  Arrangements 
which  permit  the  electrodes  to  ac¬ 
quire  a  coating  of  any  foreign  sub¬ 
stance,  such  as  adhesive  drippings 
or  bits  of  plastic  film  should  be 
avoided.  Such  particles  encourage 
arcs. 

Filtered  Power  Supply 

In  dielectric  heating  applications 
where  the  power  to  the  load  is 
limited  by  the  arcing  voltage  dic¬ 
tated  by  the  electrode  shape,  the 
maximum  average  power  transmit- 
able  to  the  load  may  be  increased  up 
to  100  percent  by  filtering  the  plate 
supply  to  the  oscillator  tubes,  if  it 
is  not  already  a  pure  d-c.  That  this 
is  so  may  be  seen  from  Fig.  3. 

The  author  is  indebted  to  John  F. 
Dreyer,  Jr.,  consulting  engineer, 
and  Ernst  Massey,  who  devised  the 
arrangement  of  Fig.  2B,  for  their 
cooperation  and  collaboration  in 
various  phases  of  this  development. 
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UNlVERSnV  OF  .M.'ClftGAM  UBRARJES 


Pet«r  C.  Goldmork  of  CBS  microscopically  examines  a  new  long-playing  disk 
while  Rene*  SnepTongers  looks  on 


William  S.  Bachman  (standing)  discusses  one 
phase  of  the  manufacturing  process 


Tiansciiption  Recoidings 


New  33-1/3  rpm  recording  system,  cuts  up  to  300  grooves  per  inch,  achieves  low  noise 
with  Vinylite  and  pre-emphasis.  Result:  a  six-record  album  on  a  single  12-inch  pressing 


two  sides  of  a  12-inch  disk,  com¬ 
pared  with  8  minutes  on  the  older 
type.  The  records  are  known  as 
LP,  for  long  playing. 

This  is  not  the  first  time  that  33i 
rpm  disks  have  been  produced  for 
the  home  market,  but  it  is  the  first 
in  which  a  system  has  been  primar¬ 
ily  engineered  for  this  market. 
Earlier  attempts  failed  because  the 
groove  pitch  could  not  be__made  fine 
enough  to  secure  a  substantial  in¬ 
crease  in  recording  time,  and  the 
noise  and  distortion  were  high. 
Also,  home-type  turntables  of  ear¬ 
lier  days  tended  to  have  excessive 
wow  when  operated  at  33 J  rpm. 
These  problems  were  attacked  by 
Peter  Goldmark,  well  known  for 
color-television  developments,  and 
his  associates.  The  Philco  Corpora¬ 
tion  undertook  the  design  of  a 
record  reproducer  which  would  meet 
the  stiff  requirements  of  low-speed 
service  and  still  be  marketable  at  a 


Anew  approach  to  satisfy  the 
public  demand  for  long-play¬ 
ing  recordings  has  been  jointly  an¬ 
nounced  by  Columbia  Records  Inc., 
a  CBS  subsidiary,  and  the  Philco 
Corporation. 

The  new  recording  system,  de¬ 
veloped  by  Peter  C.  Goldmark,  Rene 
Snepvangers,  and  William  S.  Bach¬ 
man  of  Columbia,  achieves  a  six-fold 
increase  in  recording  time  per  disk 
by  combining  33 J  rpm  transcrip¬ 
tion-standard  turntable  speed  with 
an  extremely  fine  pitch  of  approxi¬ 
mately  260  grooves  per  inch.  The  de¬ 
crease  in  turntable  speed  from  the 
home  standard  of  78  rpm  introduces 
a  time  factor  of  2.35,  while  the 
larger  number  of  grooves,  compared 
with  85  to  100  per  inch  typical  of 
conventional  home  records,  provides 
an  additional  factor  of  about  2.6 
times.  The  net  result  is  that  as 
much  as  50  minutes  of  recording 
-time  can  be  accommodated  on  the 


reasonable  domestic  consumer  price. 

Philco  has  also  designed  a  two- 
speed  turntable  with  a  separate  arm 
for  the  LP  records. 

Keys  to  the  success  of  the  new 
system  are  the  use  of  Vinylite  plas¬ 
tic  for  the  pressings,  the  develop¬ 
ment  of  a  new,  efficient,  light-weight 
reproducing  arm  and  cartridge 
and  mechanical  refinements  in  the 
turntable  driving  mechanism.  A 
pre-emphasis  characteristic  de¬ 
signed  especially  for  the  system,  re¬ 
sembling  closely  the  NAB  standard 
transcription  curve,  was  introduced 
to  achieve  high  signal-to-noise  per¬ 
formance.  Also,  many  unconven¬ 
tional  techniques  have  been  adopted, 
including  a  degree  of  over-cutting 
which  would  not  be  acceptable  in 
making  conventional  recordings.. 

Design  Details 

The  grooves  are  about  0.003  inch 
in  width,  roughly  one  third  the  size 


September,  7948  —  ELECTRONICS 


!i 


FIG.  1 — Characteristics  of  new  long-playing  (LP)  record,  NAB  transcription  standard, 
and  one  having  constant  amplitude 

foi  the  Home 


of  the  standard  record  groove.  Con¬ 
sequently,  it  is  not  possible  to  record 
at  as  high  a  level,  by  about  9  db  as 
if  the  cut  were  held  proportional  to 
the  groove  width.  Actually,  the 
level  recorded  is  about  4  db  below 
the  usual  reference.  The  4-db 
loss  in  level  would  not  be  acceptable 
if  the  record  material  were  of  the 
shelac  type,  but  the  low-noise  prop¬ 
erties  of  Vinylite  together  with  the 
lightweight  pickup  permit  a  highly 
acceptable  noise  level  to  be  achieved 
while  maintaining  a  dynamic  range 
in  the  order  of  45  db.  The  conse¬ 
quent  smaller  excursion  of  the  re¬ 
producing  needle  reduces  the  cart¬ 
ridge  output  by  4  db,  but  an  efficient 
crystal  has  been  developed  which 
provides  0.7-volt  output  at  reference 
level.  Accordingly,  no  high-gain 
preamplifier  is  needed  in  the  re¬ 
producing  system. 

The  groove  shape  has  an  included 
angle  of  about  90  deg,  and  the  tip 
radius  is  under  0.0002  inch.  Accord¬ 
ingly,  it  is  not  possible  to  reproduce 
the  new  pressings  with  a  standard 
0.003-inch  stylus.  The  cartridge 


perfected  by  Philco  engineers,  uses 
a  balanced  Rochelle-salt  crystal  and 
a  groove  pressure  of  only  6  grams 
(one-fifth  ounce).  It  employs  a 
semipermanent  metal  stylus  lapped 
to  a  tip  of  0,001  inch  radius. 
The  light  pressure  and  small  radius 
permits  the  stylus  to  follow  the  fine 
groove  with  tracking  distortion 
lower  than  conventional  prac¬ 
tice.  The  stylus  may  be  replaced 
without  replacing  the  cartridge,  if 
desired.  To  keep  distortion  at  a  low 
level,  the  diameter  of  the  innermost 
groove  has  a  minimum  value  of  5i 
inches,  which  is  almost  two  inches 
greater  than  that  of  conventional 
commercial  domestic  78-rpm  press¬ 
ings. 

The  practice  of  pre-emphasis  has 
been  standardized  in  the  new 
records,  using  the  characteristic 
shown  in  Fig.  1.  Above  200  cps,  the 
curve  is  identical  with  the  standard 
NAB  transcription  characteristic, 
reaching  16  db  pre-emphasis  at  10,- 
000  cps,  relative  to  the  900-cps  value. 
Below  200  cps  the  characteristic  is 
higher  than  the  NAB,  being  about  7 


db  above  constant  amplitude  at  50 
cps.  The  similarity  of  LP  and  NAB 
curves  makes  it  possible  to  use  the 
LP  recordings  on  standard  broad¬ 
casting  transcription  tables  with  no 
change  in  equalizing,  although 
simple  RC  circuits  suffice  for  equal¬ 
izing  in  any  event. 

Turntable  Requirements 

The  wow  problem  assumes  a  seri- 
ious  aspect  at  33i  rpm,  since  the 
speed  ratio  (1  in  2.35  relative  to  78 
rpm)  requires  that  variations  in 
turntable  speed  be  reduced  by  the 
same  amount.  The  turntables  thus 
far  use*d  are  of  the  rim-driven  type. 
Care  has  been  taken  in  centering 
the  inner  edge  of  the  table,  and  in 
balancing  the  motor.  tJse  of  a 
high-grade  rubber  rim  on  the 
idler  wheel  is  mandatory.  More¬ 
over,  the  edge  of  the  rubber  rim 
must  be  mechanically  ground  to  as¬ 
sure  near  perfect  circularity.  In 
the  Philco  turntable,  the  idler  wheel 
is  withdrawn  from  the  motor  shaft 
when  the  table  is  not  turning,  to 
prevent  developing  a  fiat  in  the 
rubber.  The  design  of  the  table  is 
such  that  no  appreciable  wow  was 
discernible. 

Releases  and  Results 

The  early  releases  of  the  new 
records  consist  of  rerecordings 
from  existing  masters  in  the  Colum¬ 
bia  files.  Fortunately,  in  recent 
years  these  masters  have  been  made 
on  lacquer,  rather  than  wax,  so  they 
may  be  dubbed  without  damage  di¬ 
rectly  to  the  33  J  master.  More  than 
usual  care  is  required,  however,  to 
exclude  dust  and  other  foreign  mat¬ 
ter  at  every  stage  in  the  production 
of  master,  mother,  and  pressings, 
and  the  difficulty  of  securing  free¬ 
dom  from  blemishes  for  a  25  min¬ 
ute  period  (one  side)  is  consid¬ 
erably  greater  than  for  4  minutes. 
Before  release,  pressings  are 
checked  for  technical  excellence  by 
engineers  on  the  Columbia  staff,  a 
revolutionary  procedure  in  the 
recording  business. 

The  results,  as  judged  by  critical 
listeners,  both  technical  and  non¬ 
technical,  are  excellent.  In  fre¬ 
quency  range,  dynamic  range  and 
distortion,  the  LP  records  outdis¬ 
tance  shellac  pressings  and,  with  the 
possible  exception  of  noise  surpass 
78-rpm  Vinylite  pressings. — D.G.F. 
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FIG.  2 — Simple  Iranaductor  connection  (A)  cem  be  cmalyxed  uainq  portion  ol  ideallaed 
maqnetiaoction  cerre  (B).  Voltaqe-time  curres  ahow  action  during  operating  cycle  with  aero 
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IF  A  LOW  alternating  voltage  is 
applied' to  a  coil  wound  on  an 
iron  core  the  coil  acts  as  an  induc¬ 
tance  the  value  of  which  is  deter¬ 
mined  by  the  permeability  of  iron. 

If  the  operating  position  on  the 
curve  is  displaced  by  applying  di¬ 
rect  current  through  a  separate 
winding  the  incremental  perme¬ 
ability  then  acting  diminishes  as 
the  position  approaches  saturation. 
In  this  way  it  is  possible  to  vary 
the  inductance  between  wide  limits. 

Because  comparatively  small  di¬ 
rect  control  current  is  required  the 
losses  incurred  in  regulating  larg^ 
power  are  small.  Thus  a  large  power 
amplification  is  obtained. 

In  practice,  efficient  operation  of 
a  direct-current  presaturated  re¬ 
actor  necessitates  employing  wide 
variations  of  flux.  Under  such  con¬ 
ditions  it  is  inappropriate  to  base 
investigations  on  incremental  per¬ 
meability.  Work  carried  out  by 
Boyajian,*  Kramer*  and  Lamm*  has 
paved  the  way  for  an  appreciation 
of  the  mode  of  operation  and  that 


indicates  the  basis  for  calculation 
and  design.  On  this  basis  Lamm* 
and  others  have  investigated  dif¬ 
ferent  couplings  and  dynamic  prop¬ 
erties.  Instead  of  studying  vari¬ 
ations  of  permeability,  variations 
of  flux  are  investigated  and  an 
idealized  magnetizing  curve  having 
constant  slope  and  abrupt  complete 
saturation  is  used. 

To  obtain  an  indication  of  flux 
variations,  consider  Eq.  1  where  <f> 
represents  the  flux  in  a  coil,  N  the 
number  of  turns,  and  «/  the  induced 
voltage.  From  Eq.  1  we  can  write 
Eq.  2 

e,  =  NcUl>/dt  (1) 

J'eidt  ^  ifn  —  d>i  (2) 

which  shows  that  a  variation  in  the 
flux  corresponds  to  an  area  (volt¬ 
age  times  time)  on  the  voltage-time 
oscillogram.  Using  this  principle, 
properties  and  operation  of  the  d-c 
presaturated  reactor  can  be  an¬ 
alyzed.  In  this  way  the  mode  of 
operation  is  found  to  be  different 
from  what  is  generally  termed  a 
reactor,  justifying  another  name. 
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FIG.  1 — Wiadings  con  b«  on  on*  cor*  (A) 
and  (B).  or  on  soporot*  corns  (C)  to  (F) 
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rMiatano*  hi  o-c  circuit  (C),  with  modurote  load  rosistance  (D)  and  with  high  load  rosist- 
anco  (E).  fn  the  lattor  cato  tho  control  rongo  roaches  a  limit  as  shown  by  the  graph  (F) 


Fundamentals 


Magnetic  amplifiers  are  analyzed  on  the  basis  of  voltage  oscillograms,  which  facilitates  in¬ 
terpreting  laboratory  measurements.  Results  of  the  analysis  show  the  effect  of  load  imped¬ 
ance  on  mode  of  operation  and  of  supply  frequency  and  inductance  on  speed  of  response 


These  controlled  reactors  are  there¬ 
fore  called  transductors. 

To  avoid  the  voltage  that  would 
be  induced  in  the  d-c  control  wind¬ 
ing  from  the  a-c  power  winding  if 
the  two  windings  were  arranged  on 
a  single  core,  a  symmetrical  ar¬ 
rangement  has  to  be  used.  Three 
or  four-legged  cores  could  be  used. 

However,  the  three  legged  core 
shown  in  Fig.  lA  has  the  draw¬ 
back  that  its  leakage  flux  impairs 
the  transductor  properties.  On  the 
other  hand  the  four  legged  core  of 
Fig.  IB  is  expensive  to  manufac¬ 
ture.  A  simpler  arrangement  is 
shown  in  Fig.  1C  in  which  two 
separate  cores  are  used.  The  in¬ 
duced  voltages  in  the  d-c  windings 
of  the  connection  shown  in  Fig.  ID 
do  not  .counteract  each  other,  but 
the  connection  has  other  advan¬ 
tages  and  interesting  properties. 

Naturally  the  windings  may  be  ar-  The  mode  of  operation  of  the 
ranged  in  many  ways.  Especially,  connection  shown  in  Fig.  2A  can  be 
the  need  for  d-c  excitation  can  be  explained  simply  if  certain  assump- 
minimized  if  the  alternating  cur-  tions  are  made:  (1)  the  magnitude 
rent  is  rectified  and  used  to  excite  of  the  control  circuit  current  la  is 


the  transductor  by  additional  wind¬ 
ings  as  shown  in  Fig.  IE.  This  is 
called  a  self-excited  arrangement. 
Oscillograms  of  currents  in  the  a-c 
and  self-excitation  windings  of  Fig. 
IE  show  that  the  resultant  ampere 
turns  every  moment  are  the  same 
as  would  be  obtained  by  means  of 
only  one  winding  connected  in 
series  with  a  rectifying  element. 
The  arrangement  thus  deduced  is 
shown  in  Fig.  IF  and  is  called  sim¬ 
plified  self  excitation.  By  using 
this  connection,  winding  space  is 
saved  in  the  same  way  as  in  an 
autotransformer.  Simplified  self¬ 
excitation  connections  can  be 
varied  in  numerous  ways.*  Single 
and  multiple  phase  connections  are 
used;  the . three-phase  connections 
have  beefi  treated  by  Lamm.*  * 

Mode  of  Operation 


UTILITY  OF  TRANSDUCTORS 

Transductors  can  be  self-excited  and 
made  to  operate  as  trigger  circuits. 
Thus  they  can  be  employed  as  relays; 
their  opening  and  closing  values  are 
set  by  applying  counter-biosing  am¬ 
pere  turns. 

Like  the  electronic  amplifier,  the 
transductor  can  also  be  made  to 
oscillate.  Low-frequency  oscillations 
con  be  obtained  readily. 

Electronic  amplifiers  possess  speed 
that  is  difficult  to  obtain  with  trans¬ 
ductors.  On  the  other  bond,  trans¬ 
ductors  provide  stable  low-frequency 
o-c  and  d-c  amplification  with  a 
minimum  of  equipment.  Where  loods 
inherently  have  long  time  constants, 
as  in  mony  regulators,  inertia  of  the 
transductor  is  negligible. 

Transductors  require  current,  where- 
os  electron  tubes  require  voltage  for 
control.  A  combinotion  of  the  two 
may  provide  excellent  solutions  of 
difficult  problems.  For  instance,  the 
transductor  moy  supply  voltage  for 
controlling  tubes,  or  tubes  moy  sup¬ 
ply  current  for  controlling  tronsduc- 
tors  effectively  despite  the  induced 
voltages  in  control  windings — 
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FIG.  3 — Operation  of  a  tingle  element  of  a  transductor  with  an  ideal  core 


FIG.  4 — Analytit  tlrailar  to  that  of  Clg.  3  but  for  imperfect  core  material 
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constant  and  independent  of  time, 
represented  in  the  diagram  by  a 
large  series  inductance,  (2)  the 
magnetizing  curve  possesses  the 
ideal  shape,  (3)  the  resistance  of 
the  a-c  circuit  may  be  neglected, 
and  (4)  the  number  of  turns  on 
the  a-c  and  d-c  windings  are  the 
same. 

The  control  current  /*  gives  ele¬ 
ment  A  the  initial  flux  position  Pt 
shown  on  Fig.  2B  and  gives  element 
B  a  corresponding  position  on  the 
negative  side.  Fig.  2C  shows  the 
time  variations  of  the  character¬ 
istic  magnitudes.  The  impressed 
alternating  voltage  £7sina  must  be 
fully  balanced  in  the  circuit  by 
variations  in  the  flux  in  the  two 
transductor  elements.  However,  a 
change  in  flux  is  only  possible  when 
the  number  of  ampere  turns  of  one 
or  both  elements  is  zero,  which 
means  that  an  alternating  current 
of  the  same  magnitude  but  directed 
against  the  control  current  must 
pass  continuously.  Owing  to  the 
counter  connection  of  the  control 
windings  on  the  two  elements,  this 
is  not  possible  unless  the  alternat¬ 
ing  current  commutates  between 
positive  and  negative  values  in  zero 


time,  the  values  being  of  the  same 
magnitude  as  the  control  current. 
No  other  current  combinations  are 
possible.  Thus  this  transductor  has 
a  typical  current-transformer  char¬ 
acteristic,  the  linear  relations  be¬ 
tween  alternating  and  direct  cur¬ 
rents  being  independent  of  the 
magnitude  of  the  alternating  volt¬ 
age.  The  phase  of  the  a-c  is  de¬ 
termined  by  the  requirement  that 
the  voltage  across  the  transductor 
element  cannot  include  any  d-c 
component.  In  reference  to  Fig. 
2C  this  means  that  the  voltage-time 
areas  M  and  N  must  be  equal,  mak¬ 
ing  the  control  angle  a®  equal  to  90 
degrees. 

It  mus't  further  be  observed  that 
an  alternating  voltage  at  twice  the 
supply  frequency  appears  across 
the  d-c  terminals.  The  reactor  L 
prevents  this  voltage  from  passing 
a  superimposed  current  that  would 
altogether  change  the  mode  of  oper¬ 
ation  of  the  transductor. 

When  there  is  resistance  R  as 
load  in  the  a-c  circuit  of  the  trans¬ 
ductor,  it  might  be  expected  that 
the  current-transformer  character¬ 
istic  would  be  impaired.  However, 
this  is  not  the  case,  as  shown  in 


Fig.  2D.  Also  in  this  case  the 
transductdr  element  can  only  ab¬ 
sorb  voltage  when  the  alternating 
and  direct  currents  are  of  equal 
magnitude,  and,  as  the  resistive 
voltage  drop  is  assumed  to  be  in¬ 
sufficient  to  balance  the  supply  volt¬ 
age,  the  latter  voltage  will  be  split 
between  the  resistance  and  the  ele¬ 
ment  (area  M)  in  the  time  interval 
So  to  ai,  as  indicated  in  the  figure. 

•  The  lowest  point  Pi  on  the  mag¬ 
netizing  curve  is  reached  at  a,  and  a 
change  in  the  current  still  cannot 
take  place  because,  for  it  to  do  so, 
the  magnetic  state  of  the  element 
from  Pi  up  to  the  saturation  point 
would  have  to  change  by  an  amount 
requiring  a  voltage-time  area  just 
as  large  as  that  previously  required 
to  bring  it  down  from  the  satura¬ 
tion  point  to  Pi.  Thus  commuta¬ 
tion  will  take  place  first  when  the 
area  M  becomes  equal  to  N.  When 
ao  at  an  increased  resistance  drop 
reaches  such  a  low  value  that  RI, 
becomes  equal  to  E’sinoo  i  deviates 
from  the  rectangular  shape  as 
shown  in  Fig.  2E  and  Ri  coin¬ 
cides  for  a  time  with  the  sine  wave. 
The  current-transformer  character¬ 
istics  are  thereby  jeopardized  and. 


TRANSDUCTOR  APPLICATIONS 


the 

ib- 

ng 

iial 

ive 

in- 

»lt- 

ilit 

le- 


ig- 
1  a 
lot 
30, 

nt 

nt 

nt 

ist 

ed 

a- 

;a- 

he 

en 

op 

:/. 

es 

as 

n- 

e. 

r- 

d, 


Tronsductors,  like  transformers  ore  basic 
components  that  can  be  applied  in 
numerous  ways. 

One  type  transductor  possesses  charac¬ 
teristics  of  a  current  transformer.  It  can 
be  used  to  measure  heavy  direct  currents 
or  high  direct  voltages  os  shown  in  the 
occomponying  illustration.  Measuring 


ACROSS  HIGH  DIRECT- voltage  BUSSES 


(HIGH  DIRECT-CURRENT  BUS^ 


CIRCUIT  METERS  CURRENT  CIRCUIT  METERS  VOLTAGE 


tronsductors  con  be  built  from  ordinary 
transformer  laminations  and  hove  an  ac¬ 
curacy  sufficient  for  service  supervision 
(±  2  percent).  By  employing  special 
laminations,  higher  accuracy  con  be  ob¬ 
tained.  In  addition  to  the  feature  of 
complete  isolation  between  the  main  cir¬ 
cuit  and  the  metering  circuit,  the  measur¬ 
ing  transductor  has  the  advantoges  that 
the  quantity  operating  the  indicating  in¬ 
strument  is  a-c  ond  therefore  con  be 
transformed  to  any  desired  value;  meas¬ 
urement  of  summation  and  differential 
quantities  can  be  made  simply  because 
the  quantity  to  be  measured  appeors  as 
ampere  turns,  current  is  meosured  directly 
and  not  translated  into  voltage  as  in 
using  a  shunt  (particularly  important 
with  remote  measurements),  and  the 
power  consumption  is  exceedingly  low. 

Voltage  and  current  regulotion  is  the 
most  important  application  of  transduc- 
tors.  For  simplicity  in  drawing  diograms 
of  circuits  using  tronsductors,  rectifier 
bridges  and  the  several  windings  of  the 
transductor  elements  are  shown  in  abbre¬ 
viated  form. 


SEVERAL  CONTROL  WINDINGS  RECTIFIER 
BRIDGE 


i-C  WINDING  I  ARROWS  SHOW  \  SELF- 
D-C  CONTROL*  relative  EXCITATON  A-C  INPUT'J 

WHaHG  WINDING  WINDING  0-C  OUTPUt' 


A  metallic  rectifier  can  be  controlled 
by  o  simple  series  resistance  giving  the 
characteristics  shown  below,  or  a  series 
transductor  can  be  used.  In  the  latter 
case  power  required  for  regulation  is 
small  and  the  output  current  is  more 
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CONSTANT -CUNRENT 


LOAD  AMPERES 


perfectly  determined  by  transductor  con¬ 
trol  current.  Until  limited  by  voltage,  the 
current  is  independent  of  load  resistance. 
Such  circuits  are  extensively  used  in  bat¬ 
tery  chargers  for  trucks  and  other  cases 
where  constant  current  is  required.  (For 
clarity  the  control  portion  of  the  cir¬ 
cuit  is  drawn  in  lighter  lines  than  the 
power  portions.) 

In  charging  batteries  where  the  voltage 
must  be  kept  constant,  as  in  broadcast 
stations  and  telephone  exchanges,  a 
slightly  more  complex  circuit  is  used.  A 
self-excited  transductor  provides  the  regu¬ 
lation.  This  transductor  is,  in  turn,  con¬ 
trolled  by  a  smaller  unit  the  output  volt¬ 
age  of  which  is  determined  by  the  total 
number  of  ampere  turns  of  its  c^ritation 
windings.  A  constont  current  supplied  to 


one  control  winding  in  the  same  direc¬ 
tion  as  the  self  excitation  sets  the  regu¬ 
lated  value.  Another  control  winding  fed 


in  opposition  to  the  first  carries  the 
sensing  curi^nt  that  is  proportional  to  the 
load  voltage.  Because  two  tronsductors 
are  used,  the  regulation  is  high.  A  rec¬ 
tifier  of  this  type  which  con  operate  on 
both  constont  current  and  constont  vol¬ 
tage  is  called  an  avostat.  Avostat-regu- 
lated  rectifiers  can  be  built  for  all  out¬ 
puts  for  which  metallic  rectifiers  can  be 
used. 

When  very  little  power  is  avoiloble 
from  a  quantity  to  be  measured,  the  high 
amplification  of  self-excited  tronsductors 
can  be  used.  The  accompanying  circuit 
shows  a  push-pull  connection  giving  on 
output  voltage  the  polarity  and  magnitude 
of  which  are  determined  by  the  control 


LilctZ^ 


current.  Power  amplifications  as  high  as 
o  hundred  million  may  be  obtained  from 
similar  connections.  If  gain  is  sacrificed 
for  stability,  such  transductor  circuits  ore 
suitable  for  amplifying  currents  from 
photocells  and  thermocouples — 
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as  shown  in  Fig.  2F,  the  relation 
between  the  currents  follows  a 
straight  line  only  up  to  a  certain 
point,  whereafter  it  is  deflected  and 
asymptotically  approaches  a  limit¬ 
ing  value  corresponding  to  the  full 
alternating  voltage  being  balanced 
by  the  resistance  drop. 


Transductor  as  Amplifier 


For  a  transductor  (Fig.  2A) 
with  a  resistive  load  in  series  with 
the  a-c  winding,  amplification  takes 
place  because  the  a-c  winding  re¬ 
quires  an  input  corresponding  to 


only  half  the  copper  losses,  whereas 
the  load  may  rise  to  a  value  corre¬ 
sponding  to  the  entire  transformer 
output  of  the  transductor.  The 
method,  described  previously,  of 
decreasing  the  need  for  d-c  ampere 
turns  by,.Tectifying  the  a-c  and 
feeding  it  back  by  means  of  a  sep¬ 
arate  winding,  or  by  inserting  rec¬ 
tifying  elements  in  series  with  the 
a-c  windings,  is  analogous  to  the 
feedback  used  in  electronic  ampli¬ 
fiers  whereby  amplification  is  in¬ 
creased  at  the  expense  of  linearity. 
The  connection  providing  simplified 


self  excitation  (Fig.  IF)  has  ad¬ 
vantages  over  that  of  Fig.  IE  and 
is  also  easier  to  analyze.  Therefore 
this  connection  will  be  treated  in 
detail. 

A  transductor  element  and  a  rec¬ 
tifying  element  connected  in  series 
between  two  current-dividing 
points  constitutes  a  common  fea¬ 
ture  of  all  simplified  self-excitation 
couplings.  The  connection,  the  as¬ 
sumed  shape  of  the  magnetizing 
curve  and  the  mode  of  operation  as 
represented  by  the  oscillogram  are 
shown  in  Fig.  3.  A  certain  d-c  bias 
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This  mode  of  operation  is  termed 
current-peak  rectification  and  is 
analogous  to  voltage-peak  rectifica¬ 
tion  by  means  of  a  rectifying  ele¬ 
ment  and  a  capacitor. 

If  the  resistance  of  the  trans¬ 
ducer  elements  is  assumed  to  be 
zero,  the  rectifying  elements  will 
never  be  subjected  to  reverse  volt¬ 
age.  Consequently  a  change  in  flux 
in  one  of  the  magnetic  elements 
produces  an  equal  but  opposite 
change  in  the  other  one;  the  recti¬ 
fiers  determining  the  direction  of 
the  current.  Figures  5B  and  5C 
show  the  behavior  of  the  A  element. 

A  magnetic  displacement  in  this 
element  produces  an  equally  large 
but  opposite  displacement  in  the 
other  one.  After  a  has  become  zero 
the  entire  alternating  voltage  is 
impressed  across  the  A  element. 

A  very  small  excitation  current  it 
passes  through  the  rectifier  that  is 
carrying  load  current  without  caus¬ 
ing  any  voltage  drop.  The  knee 
of  the  magnetizing  cUrve  is  reached 
at  Oo  and  u  rises  more  rapidly 
thereafter  but  still  under  the  con¬ 
trol  of  the  magnetizing  curve  and 
the  voltage  areas  M,  N  and  O.  At 
a.  the  current  u  becomes  equal  to 
II  and  flows  in  branches  lA  and  2 A 
of  the  rectifier  and  to  the  load.  The 
reactor  then  prevents  any  further 
increase  in  {4  for  a  certain  interval. 
Because  no  change  in  flux  in  the 
transductor  can  take  place,  the 
entire  alternating  voltage  appears 
as  a  constant  voltage  D  across  the 
load  and  a  voltage  across  the  re¬ 
actor  corresponding  to  area  P. 
Even  after  a«  when  Esina  becomes 
smaller  than  D,  t.i  retains  its  value 
because  there  is  no  voltage  avail¬ 
able  that  might  produce  a  change 
in  flux  tending  to  lower  the  current. 
After  a  =  w  such  a  voltage  becomes 
available  as  indicated  by  area  S 
and  iji  decreases.  From  04,  D  is 
maintained  by  the  reactor  voltage 
(area  Q)  which  has  changed  sign 
due  to  the  tendency  of  the  current 
to  decrease.  At  a,  current  it  re¬ 
gains  the  value  corresponding  to 
the  lowest  point  on  the  magnetizing 
curve  and  the  A  element  becomes 
inactive  for  the  remaining  half  of 
the  cycle.  Because  the  connection 
is  symmetrical,  current  in  the  B 
element  begins  to  rise  to  rise  at  a/ 
but  does  not  affect  the  behavior  of 
the  A  element. 
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FIG.  5 — Analysis  like  that  of  two-element  transductor  shows  commutation  of  current  from  one  element  to  the  other 


I 


According  to  Fig.  5C  the  rela-  to  the  circuit  of  Fig.  IF.  It  is 


tioD  between  the  voltage  areas  is 
JV  -  r  and  0  -  -  5  -  M  (4) 

Furthermore,  because  the  reactor 
voltage  cannot  contain  a  direct 
component 

P^Q  (5) 

By  comparing  the  voltage  areas 
between,  for  instance  a.  and  a/,  the 
magnitude  of  the  direct  voltage  D 
can  be  determined 
D  ia»^  —  at)  ^  D  T  ^ 

Bmnada-  P  ^-Q  (6) 

Oj 

but  from  Eq.  5  and  the  relation 


where  Em  represents  the  mean 
value  of  the  alternating  voltage  and 
Et  the  mean  value  of  the  trans¬ 
ductor  voltage,  Eq.  6  becomes 

Em  -  Et  •’  (7) 

Thus  the  >"  lation  is  of  the  first 
power,  and  not  of  the  second  as 
might  be  expected. 

Dynamic  Response 

The  preceding  analysis  has 
shown  that  the  static  conditions  in 
a  transductor  are  determined  by 
the  control  current,  which  in  effect 
governs  the  average  flux.  The 
average  flux  is  also  the  deciding 
factor  in  determining  how  the 
transductor  will  momentarily  fol¬ 
low  the  control  current  until  the 
latter  attains  a  new  stationary 
value.  However,  the  manner  in 
which  the  control  current  behaves 
to  a  voltage  impulse  in  the  control 
circuit  depends  on  the  actual  ampli¬ 
fication  and  frequency.  Different 
connections  behave  differently. 

The  scope  of  this  article  prohibits 
analyzing  all  connections,  so  the 
following  discussion  will  be  limited 
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assumed  that  a  voltage  impulse  Ad 
is  impressed  on  the  control  winding, 
which,  under  steady-state  condi¬ 
tions,  would  cause  an  alteration 
Ala  in  the  control  current.  At  the 
same  time  the  lowest  value  of  flux 
would  be  changed  from  <fh  to  rfh, 
both  values  being  below  saturation. 
The  problem  is  to  find  the  manner 
in  which  the  load  voltage  D  changes 
with  time  (A  D  =  Dt  —Da). 

The  average  load  voltage  during 
a  half  cycle  corresponds  to  the 
difference  between  the  supply  and 
the  transductor  voltages  so  that 
Di  “  £  —  2  N  rf  (011  —  0i)  (8A) 

Di  ™  E  —  2N  rj  (00  —  0*)  (8B) 

/  representing  the  supply  fre¬ 
quency,  Nr  the  number  of  turns  on 
the  a-c  winding.  Hence 
AD  -  -  Z>,  =  2  Afr/  (0.  -  0i)  (8C) 

but  the  control  current  must  change 
the  average  fiux  from  to  <f>ur  so 
011#  *  (0)  —  0i)/2  (9A) 

0IJI  ”  (00  —  ^)/2  (9B) 

A0JI  »  0M  —  011#  =  (0t  —  0l)/2  (9C) 

If  the  fictitious  inductance  of  one 
control  winding  is  La  and  the  num¬ 
ber  of  control  turns  is  N«  then 


N  aA0M 
Ib 


0  ~  4>i 
2Af« 


and  the  time  constant  of  the  com¬ 
plete  transductor  is 


S bAD  (0  —  0l)  1 

2  i\r^(0  -  0)  RbAIb  ^  ’ 
but  because  Ra  A  la  —  A  d  Eq.  11 
simplifies  to* 

T  =  (AD/Ad)  (JVa/ATr)  (1/2/)  (12) 

which  gives  the  time  constant  for 
the  rise  in  load  voltage  in  response 
to  a  voltage  step  in  the  control  cir¬ 
cuit.  Thus,  if  the  amplification  re¬ 


mains  constant,  the  time  constant 
can  be  reduced  either  by  increasing 
the  frequency  of  the  supply  voltage 
or  by  selecting  a  magnetic-core 
material  possessing  properties  that 
allows  Na  to  be  reduced.  The  three 
properties,  power  amplification, 
power  sensitivity,  and  time  con¬ 
stant,  of  a  self-excited  transductor 
depend  on  each  other  in  such  a 
way  that  one  of  them  can  be  im¬ 
proved 'only  at  the  expense  of  the 
other  two.  The  rapidity  of  the 
transductor  is  limited  by  the  fact 
that  the  control  current  cannot  ex¬ 
ert  any  influence  on  the  trans¬ 
ductor  during  the  interval  when 
any  of  the  elements  carry  the  main 
current ;  that  is,  between  a«  and  ic. 

The  development  of  the  trans¬ 
ductor  techniques  of  which  this 
article  is  a  brief  review  has  been 
carried  forward  especially  by  A.  U. 
Lamm  and  U.  H.  Krabbe  and  by 
many  collaborators.  The  authors 
are  indebted  to  ASEA  for  permis¬ 
sion  to  publish  this  article. 
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Dry-Cleaning 


FIG.  1 — In  w«U-T»ntUat»d  working  areas,  a  source  of  compressed  air.  gun.  troy. 
Venturi  fitting  and  a  solrent  con  be  used  for  dry  cleaning  of  chassis 


SOLVENT  MIST 


—BRASS  TUBING 


'  iL RUBBER  HOSE 


CAN  OF  SOLVENT 


FIG.  2 — Construction  of  simple  fitting  for  air  gun  to  proTlde'fine  spray  of  solTent 

under  pressure 


By  JOSEPH  ALBIN 

yew  York,  N.  Y. 


Solvent-spray  cleaning  is  one 
of  the  maintenance  operations 
undergone  by  all  aircraft  and 
ground  radio  equipment  that  is  sent 
to  the  American  Airlines  radio 
overhaul  base  at  La  Guardia  Field, 
New  York.  Overhaul  is  scheduled 
after  90  days  (average  of  900 
hours)  of  operation  even  though 
the  equipment  is  operating  per¬ 
fectly.  The  types  of  electronic  gear 
cleaned  by  the  spray  method  include 
h-f  and  vhf  communication  units, 
adf  receivers  and  indicators, 
marker,  range,  glide  path  and  local¬ 
izer  receivers. 

A  member  of  the  maintenance 
crew  is  shown  in  Fig.  1  going  over 
the  chassis  of  a  ground  transmitter 
in  one  of  the  hangars.  He  uses  an 
improvised  spray  gun  constructed 
as  shown  in  principle  in  Fig.  2 
and  connected  to  a  compressed-air 
line.  Solvent  contained  in  the  can 
feeds  to  the  nozzle  of  the  air  gun 
and  is  sprayed  as  a  fine  mist.  Be¬ 
cause  of  the  pressure,  hard  to  reach 
places  such  as  capacitor  plates  and 
tube  sockets  are  quickly  cleaned. 

The  chassis  is  supported  on 
blocks  in  a  tray  which  serves  to 
catch  the  dirty  solvent.  As  this  op¬ 
eration  is  done  in  an  open  space 
within  the  hangar,  ventilation  does 
not  become  a  problem.  To  air-dry 
the  equipment  after  cleaning,  it  is 
only  necessary  to  lift  the  rubber 
hose  out  of  the  solvent  can.  ^ 

The  nozzle  for  the  air  gun  op¬ 
erates  on  the  Venturi  principle  and 
consists  of  a  section  of  metal  tubing 
through  which  the  solvent  is  aspi¬ 
rated  by  the  air  blast.  A  connec¬ 
tion  for  a  rubber  hose  for  insertion 
in  the  liquid  solvent  is  made  on  the 
side  of  the  tubing  a  few  inches  from 


Electionic  Equipment 

Rapid  removal  of  soot,  dirt  and  grime  is  accomplished  with  pressurized  air  and  a 
solvent.  Used  at  an  airline  radio  overhaul  hase,  the  method  can  he  adapted  to  mainte¬ 
nance  of  other  electronic  equipment 

\ 


1  the  end.  Pressure  control  is  ob¬ 
tained  by  means  of  the  valve  on 
the  air  gun. 

*  With  a  nozzle  orifice  diameter  of 
I  0.125  inch,  and  air  pressure  of  40 
I  pounds,  the  discharge  of  free  air 
-  amounts  to  12.4  cubic  feet  per  min- 
I  ute.  At  90  pounds  pressure,  the 

(volume  is  slightly  less  than  double 
this  figure.  For  an  orifice  diameter 
of  0.25  inch,  the  volume  is  roughly 
quadrupled. 

An  installation  suitable  for  fac¬ 
tory  applications  is  shown  in  Fig.  3. 
A  large  container  of  solvent  is  at- 
'  tached  to  the  side  of  the  booth  and 
I  replenished  as  required.  The  sol- 
!  vent  fluid  reaches  the  nozzle  through 
;  one  of  the  flexible  hoses ;  the  other 
is  for  compressed  air.  Pressure  is 
regulated  and  monitored  by  a  valve 
I  and  gage  mounted  in  front  of  the 
1  booth.  The  cylindrical  section  con¬ 
tains  a  filter  unit  to  remove  mois¬ 
ture  and  scale.  If  driven  out  by  high 
air  pressure,  the  scale  is  likely  to 
abrade  or  otherwise  damage  the 
radio  equipment. 

The  booth  is  similar  in  all  re¬ 
spects  to  the  type  used  in  spray 
painting,  and  is  vented  in  the  upper 
rear  portion.  Used  solvent  flows 
down  a  drain  into  a  receptacle  lo¬ 
cated  below  the  booth. 

In  cleaning  the  radio  unit  shown, 
the  air  pressure  is  between  30  and 
40  pounds.  To  dry,  the  operator 
turns  a  valve  which  shuts  off  the 
flow  of  solvent  into  the  nozzle.  In 
the  overhaul  shop,  each  man  cleans 
the  particular  piece  of  equipment 
he  is  assigned  to  service. 

A  few  changes  are  necessary 
when  cleaning  parts  having  more 
tenacious  deposits  of  dirt,  hence  re¬ 
quiring  higher  air  pressure,  some- 
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times  as  high  as  110  pounds.  An 
extra  long  nozzle  is  used  as  well  as 
protective  gloves  for  the  operator. 
Higher  pressures  can  be  safely  ap¬ 
plied  to  motors  and  heavy  equip¬ 
ment. 

Dry-cleaning  solvents  are  of  com¬ 
paratively  low  inflammability  and 
are  nonexplosive.  They  follow  in 
general  the  specification  for  Stod¬ 
dard  solvent,  a  standard  fraction  of 
petroleum,  having  a  flash  point  be¬ 
tween  100  and  105  F.  At  this  tem¬ 
perature  sufficient  vapor  is  given  off 
to  flash  momentarily  on  the  appli¬ 
cation  of  a  small  flame. 

In  the  Airlines  laboratory,  the 
chief  characteristic  checked  in  solv¬ 
ents  is  a  minimum  flash  point  of 
110  F,  determined  by  the  Cleveland 


open-cup  test.  This  is  slightly 
higher  than  Stoddard  solvent.  Clar¬ 
ity  and  drsmess  are  important  fac¬ 
tors.  These  flash  points  may  be 
compared  with  that  of  ordinary  gas¬ 
oline  at  room  temperature. 

For  regular  production  schedules, 
solvent-spray  cleaning  is  best  done 
for  general  comfort  and  health  in  a 
hood  or  booth  that  is  vented  to  the 
outside  atmosphere  by  means  of  a 
blower.  Where  the  booth  is  lacking, 
the  spraying  should  be  carried  out 
in  an  open  and  well-ventilated  area. 
Ordinary  fire  extinguishers,  such 
as  those  containing  carbon  tetra¬ 
chloride,  are  precautionary  equip¬ 
ment.  A  settling  tank  can  be  used 
for  reclaiming  a  high  percentage 
of  the  solvent. 


FIG.  3 — SoWenl  spray  booth  for  permanent  installation  in  a  factory,  shop  or  laboratory. 
Fumes  are  Tented  to  the  outside  air  and  additional  equipment  provided  for  control 
of  air  pressure,  filtering  and  safety 
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_ _  VARYIN6  CONDOCTANCC  g(t  | 

IMfUT  I  * 

CUNRENT  I  HCSONANT  CIRCUIT 


At  the  end  of  this  operation  the 
varying  conductance  may  fall  to 
zero  and  the  oscillations  cease  to 
grow,  but  nevertheless  the  requi¬ 
site  energy  is  delivered  to  the  de¬ 
tector  and  amplifier. 

Of  the  four  operations,  least  is 
generally  understood  of  the  recep¬ 
tion  action.  It  is  not  obvious  at 
what  instant  and  in  what  manner 
the  forced  oscillation  of  the  circuit 
produced  by  the  incoming  signal 
changes  to  free  oscillation  of  the 
resonant  circuit.  To  determine  this 
and  other  circuit  actions,  an  ap¬ 
proximate  solution  of  the  differen¬ 
tial  equation  of  a  tuned  circuit  with 
varying  damping  was  made. 
Another  rigorous  approach,  based 
on  the  superposition  integral,  has 
verified'  the  results  and  indicated 
the  trivial  nature  of  the  error  in 
the  approximate  solution. 


tenna,  which  can  be  considered  a 
generator  of  current  t(t).  The  os¬ 
cillator  is  caused  to  operate  inter¬ 
mittently  by  means  of  a  quenching 
signal  supplied  from  an  auxiliary 
oscillator  or  from  low-frequency 
oscillation  of  the  same  tube.  This 
quenching  action  can  be  repre¬ 
sented  by  a  varying  conductance 
git).  The  combination  of  resonant 
circuit  and  varying  conductance 
constitute  the  active  element.  In 
addition  there  are  the  auxiliary  ele¬ 
ments,  an  oscillation  detector  and 
an  audio  or  video  amplifier.  An 
automatic  regeneration  control 
feedback  from  beyond  the  oscilla¬ 
tion  detector  to  the  active  element 
may  also  be  included. 

The  circuit  performs  four  funda¬ 
mental  operations  in  sequence:  (1) 
Quenching  erases  the  effect  of  the 
previous  cycle  of  operation,  clear¬ 
ing  the  circuit  for  reception  of  new 
impressions;  this  is  done  by  cut¬ 
ting  off  the  oscillating  tube  or  by 
damping  the  circuit.  The  varying 
JVN  investigation  into  the  operat-  conductance  is  positive  during 
X*ing  mechanism  of  the  super-  quenching.  (2)  Reception  takes 
regenerative  detector,  has  used  place  when  the  incoming  wave  sets 
physical  reasoning  and  results  of  up  a  signal  in  the  circuit  as  the 
measurements.  quenching  is  withdrawn. '  (3)  Am- 

The  specific  object  of  the  investi-  plification  begins  when  the  quench- 
gation  was  to  develop  a  theory  that  ing  is  sufficiently  withdrawn  (con- 
would  identify  the  factors  control-  ductance  made  negative)  so  that 
ling  selectivity,  optimum  quench-  oscillations  will  grow  in  the  circuit, 
ing,  signal-noise  ratio,  and  account  This  action  continues  until  the 
for  the  difficulty  of  reproducing  a  overload  level  is  reached  or  the  cir- 
given  response  from  one  design  to  cuit  is  again  quenched.  (4)  De- 
another.  Because  most  superre-  tection,  usually  in  the  form  of  a 
generative  detectors  combine  in  one  change  in  oscillator  grid  or  plate 
tube  at  least  four  distinct  func-  current  and  sometimes  using  a 
tions,  it  is  not  surprising  that  the  separate  crystal  or  vacuum  diode 
behavior  of  the  circuit  is  complex.  or  a  change  in  quenching  rate,  pro- 
A  superregenerative  detector,  duces  an  output  that  varies  accord- 
the  elements  of  which  are  shown  in  ing  to  the  rapidity  with  which  full 
Fig.  1,  ordinarily  consists  of  an  amplitude  of  oscillation  is  reached, 
oscillator  having  a  resonant  circuit  and  depends  on  the  principle  that 
tuned  to  the  frequency  of  the  de-  the  stronger  the  incoming  signal 
sired  signal.  This  circuit  is  fed  the  sooner  the  oscillation  will  reach 
from  an  r-f  stage,  converter,  or  an-  full  strength,  usually  several  volts. 


^ACTIVC  ELEMENT 


+  (2) 

satisfied  by  e  >■  exp  —  0.5  X 
jT  Pdl 

EH)  -  ilfjisfi)  X 

f  *  Fit,r)i’iT)e-i\^dT  (3) 


which  for  i{t)  /coswsf',  becomes 
EH)  -  (//2C)  X 

,)Vt  (4) 


FIG.  1 — Chlai  alamant  oi  suparraqanara- 
Ht*  datoctor  is  resonant  circuit  with  Tory* 
inq  damping;  the  aquations  dascriba  it 


Recaption  and  Amplification 

To  obtain  a  detailed  picture  of 
the  behavior  of  the  active  element 
during  reception  and  amplification 
of  an  incoming  signal  consider  that 
a  current  t(f)  =  I  exp;<i>.f  is  con¬ 
tinuously  applied.  At  negative  time 
(during  the  quenching  operation) 
the  varying  conductance  git)  has 
a  large  positive  value;  it  varies  in 
some  manner  through  zero  at  t  = 
0  to  a  generally  negative  value  for 
positive  values  of  t.  The  problem 
is  to  find  the  level  of  oscillation  dur¬ 
ing  the  amplification  operation. 

The  problem  involves  the  solu¬ 
tion  of  a  linear  second  order  differ¬ 
ential  equation  with  the  coefficient 
of  the  first  derivative  varying  with 
time.  This  is  Eq.  1  (Fig.  1) ;  the 
primes  indicate  differentiation  with 
respect  to  time.  The  instantaneous 
voltage  on  the  resonant  circuit  is 
e(t)  ;  incoming  signal  is  t(t). 

The  rigorous  solution  of  Eq.  1  is 
difficult  to  obtain  and  use  because, 
to  be  mathematically  complete,  it 
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Detection  Theory 


Operation  of  the  superregenerative  detector  is  developed,  leading  to  the  concept  of  a  time 
aperture  function.  Bandwidth,  signal-noise  ratio,  and  other  circuit  properties  are  shown  to 
depend  on  this  function,  whose  values  in  turn  depend  on  the  quenching  waveform 


1  the 
ill  to 
ae  to 


w. 


•equi- 
e  de¬ 


ist  is 
■ecep- 
us  at 
uiner 
ircuit 
lignal 
f  the 
e  this 
1  ap- 
'eren- 
,  with 
nade. 
based 
,  has 
cated 
or  in 


re  of 
sment 
ation 
r  that 
I  cen¬ 
time 
tion) 
1  has 
ies  in 
;  t  = 
le  for 
7blem 
i  dur- 
n. 

solu- 
lifTer- 
kient 
with 
;  the 
with 
aeons 
lit  is 


[.  1  is 
ause, 
te,  it 


must  include  the  effect  of  the  resist¬ 
ance  on  the  resonant  frequency  and 
all  of  the  phenomena  that  hold  for 
large  values  of  Pit),  the  damping 
factor,  including  the  transition  be¬ 
tween  oscillating  and  nonoscillat¬ 
ing  states.  For  present  purposes 
such  a  solution  is  unnecessary  be¬ 
cause,  in  the  practical  case  Pit) 
f  (Do*  and,  for  quench  frequencies 
low  compared  to  the  resonant  fre¬ 
quency  P'  it)  €  (Oo*. 

Under  these  conditions  a  very 
similar  second  order  equation  (with 
its  right  hand  member  zero) ,  Eq.  2, 
can  be  used  for  comparison.  The 
first  two  coefficients  of  Eq.  2  are 
identical  with  those  of  Eq.  1  and 
the  third  is  negligibly  different; 
hence,  over  a  limited  time,  the  solu¬ 
tions  of  the  two  equations  cannot 
be  very  different  in  nature.  In  fact 
in  the  practical  case  of  a  high-fre- 
‘quency  superregenerative  detector 
the  third  coefficients  of  the  two 
equations  differ  by  less  than  the 
error  in  measuring  Wo.  For  the  pur¬ 
pose  of  this  analysis  the  solution  of 
the  comparison  equation  Eq.  2 
differs  negligibly  from  the  correct 
solution  of  the  reduced  or  homog¬ 
enous  form  of  the  circuit  equation. 

Knowing  the  two  functions  c, 
and  Ct  that  satisfy  the  reduced 


DAMPING  WAVE  FOR  SINE  WAVE  QUENCHING 
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equation,  the  complete  solution  of 
the  equation  with  right  hand  mem¬ 
ber  can  be  found  by  the  method  of 
variation  of  parameters  (Lester  R. 
Ford,  “Differential  Equations”,  Mc¬ 
Graw-Hill  Book  Co.,  New  York, 
1933,  p  75.)  The  solutions  are  Eq. 
3,  4  and  5. 

Equations  3,  4  and  5  embody  a 
complete  solution  to  the  problem. 
The  function  Fit,^)  is  called  the 
time  aperture  function  and,  as  will 
be  shown,  is  of  basic  importance  in 
describing  superregenerative  de¬ 
tection.  Equation  3  states  that  the 
voltage  envelope  amplitude  across 
the  resonant  circuit  at  a  particular 
instant  of  observation,  t,  depends 
on  an  integral  of  the  product  of  the 
time  aperture  function  and  the  in¬ 
put  signal,  the  integration  being 
performed  over  the  preceding  time, 
T,  so  that  each  time  element  of  input 
signal  contributes  to  the  output 
with  a  relative  importance  deter¬ 
mined  by  the  value  of  the  time  aper¬ 
ture  function.  Usually  the  time 
aperture  function  has  one  very 
large  peak,  at  the  moment  when  the 
damping  passes  through  zero,  and 
falls  rapidly  to  small  values  on 
either  side  of  this  moment.  There¬ 
fore  the  incoming  signal  at  the 
moment  of  zero  damping  has  the 


DETAILS  OF  DAMPING  AND  APERTURE 
FUNCTIONS 
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FIG.  2 — Variation  with  time  oi  the  damping  and  aperture  functions  depends  on  the 
form  of  the  quenching  wave 


greatest  effect  on  the  output.  This 
behavior  gives  rise  to  the  sensitive 
period  of  the  detector. 

Equation  4  expresses  the  output 
due  to  a  carrier  that  remains  sub¬ 
stantially  constant  in  frequency  and 
amplitude  during  one  quench  cycle. 
The  integral  is  of  the  same  form  as 
the  Fourier  analysis  integral  that 
gives  the  frequency  spectrum  of  a 
pulse.  As  a  consequence  the  time 
aperture  function  is  related  to  the 
selectivity  curve  of  the  superregen¬ 
erative  detector  in  the  same  way 
that  the  waveform  of  the  envelope 
of  a  pulsed  carrier  is  related  to  its 
spectrum.  Thus,  for  example,  a 
narrow  time  aperture  function 
causes  a  broad  band  receiver  and 
a  broad  function  causes  a  narrow 
acceptance  band. 

The  time  aperture  function  is 
given  by  Eq.  5  provided  the  varia¬ 
tion  of  damping  with  time  is 
known;  that  is,  when  Pit)  is 
known.  In  geometrical  terms,  if  a 
function  of  time  is  drawn  having 
everywhere  a  slope  of  0.5P(f)  and 
intersecting  the  time  axis  at  time 
t  of  observation  of  the  resonant 
circuit  voltage,  the  curve  for  time 
prior  to  t  is  the  natural  logarithm 
of  the  time  aperture  function.  This 
process  is  illustrated  in  Fig,  2. 

Suppose  that  a  sine  wave  is  used 
for  quenching,  and  that  it  cuts  off 
the  oscillator  tube  for  a  large  part 
of  the  cycle;  this  sort  of  operation 
is  usual  in  some  of  the  older  sep¬ 
arately  quenched  superregenerative 
detectors.  Then  Pit),  the  exponent 
gand  Fit,z)  are  shown  in  Fig.  2B. 

By  sketching  the  form  of  Fit,z) 
for  various  values  of  t  it  is  discov¬ 
ered  that  the  area  under  Fit,z) 
increases  rapidly  with  increasing  t, 
showing  that  Fit)  is  growing 
rapidly  with  time  during  the  am¬ 
plification  phase.  It  is  also  found 
that  the  peak  of  Fit,z)  as  a  func¬ 
tion  of  T  occurs  at  the  instant  that 
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P(0  passes  through  zero. 

The  theory  developed  in  the  fore¬ 
going  analysis  can  be  applied  ex¬ 
actly  in  a  few  interesting  cases. 
Suppose  that  a  square  quenching 
wave  is  used  such  that  P(<)  is 
positive  and  equal  to  Po  prior  to  t 
=  0  and  that  it  is  negative  and 
equal  to  —Pi  thereafter.  The  quench 
waveform  and  time  aperture  func¬ 
tion  for  this  case  are  shown  in  Fig. 
3 A  and  B.  The  relative  amplitudes 
of  the  signal  in  the  amplification 
phase  are  also  shown  (Fig.  3C) ; 
this  later  curve  is  effectively  the 
selectivity  curve  of  the  detector. 

For  a  sensitive,  narrow-band  de¬ 
tector  with  a  square  quenching 
wave,  T-P,  should  be  made  as  small 
as  is  consistent  with  the  chosen 
quench  frequency.  For  thorough 
quenching  in  a  short  interval  P# 
must  be  large. 

Another  practical  case  is  that  of 
linearly  changing  Pit).  The  com¬ 
monly  used  sine  wave  quenching 
wave  causes  Pit)  to  change  from 
positive  to  negative  nearly  linearly. 
The  bandwidth  and  time  aperture 
function  Fit,':)  depend  on  the  rate 
of  change  of  Pit).  If  Pit)  has 
been  changing  linearly  in  a  nega¬ 
tive  direction  since  t  =  —  oo  and  at 
t  —  0  passes  through  zero,  the  volt¬ 
age  Fit)  at  time  t  due  to  an  input 
I  cos  (Dh<  can  be  found  as  outlined 
at  Fig.  3D  through  3F.  For  this 
special  case  both  the  time  aperture 
and  the  frequency  response  have  the 
shape  of  a  probability  function. 

Requirements  for  Optimum  Quenching 

The  almost  proverbial  poor  sig¬ 
nal-noise  ratio  of  superregenerative 
detectors  is  mostly  due  to  the  short 
effective  duration  of  the  time  aper¬ 
ture  function.  In  most  cases  the 
time  aperture  function  has  an  effec¬ 
tive  duration,  measured  between 
points  of  half-peak  sensitivity, 
much  less  than  a  tenth  of  the  total 
quench  period.  Statistical  theory 
indicates  that  the  signal-noise  ratio 
should  vary  directly  as  the  square 
root  of  the  ratio  of  the  effective 
duration  of  the  time  aperture  to  the 
total  quench  cycle  duration. 

The  narrowest  band  and  greatest 
sensitivity  as  well  as  the  best  sig¬ 
nal-noise  ratio  appear  to  be  obtain¬ 
able  when  Pit)  has  a  large  positive 
value  during  the  quenching  period 
(first  operation),  which  is  made  as 


short  as  is  consistent  with  thorough 
quenching,  followed  by  a  value  of 
zero  during  the  entire  reception 
period  (second  function),  which  is 
made  as  long  as  possible.  The  am¬ 
plification  (third  function)  and  de¬ 
tection  (fourth  function)  periods 
should  be  as  short  as  is  practical. 

To  achieve  this  result.  Pit)  should 
become  quite 'negative  so  as  to  am¬ 
plify  quickly  the  voltage  existing  at 
the  end  of  the  reception  period  to  a 
usable  level.  The  required  wave¬ 
form  is  shown  in  Fig.  3G. 

Certain  additional  precautions 
must  also  be  observed  in  designing  ' 
superregenerative  detectors.  The 
quenching  must  be  complete,  other-  I 
wise  remnants  of  oscillation  per¬ 
sist  from  the  preceding  cycle,  spoil¬ 
ing  the  sensitivity  of  the  receiver. 
Ringing  or  spurious  modes  of  reso¬ 
nance  associated  with  r-f  chokes, 
quenching  circuit  coils,  or  other 
components  can  interfere  with  the 
quenching,  retaining  a  remnent 
signal  to  compete  with  the  new  in¬ 
coming  one.  Typical  symptoms  of 
this  difficulty  appear  when  a  sharply 
resonant  circuit  such  as  a  wave- 
meter  is  momentarily  held  close  to 
the  active-  element.  Another  effect, 
usually  serious  only  in  low-fre¬ 
quency  superregenerative  detect¬ 
ors,  is  shock  excitation  of  the  active 
element  by  the  quenching  wave. 
This  action  reduces  the  sensitivity; 
it  is  eliminated  by  restricting  the 
frequency  content  of  the  quench. 

A  simple  way  of  testing  for  the 
presence  of  any  of  these  difficulties 
is  to  examine  the  shape  of  the  se¬ 
lectivity  curve  with  a  weak  incom¬ 
ing  signal.  Th^  selectivity  curve 
should  be  smooth  and  single  peaked. 

Any  of  the  above  difficulties  will 
cause  peaks  separated  by  an  inter¬ 
val  equal  to  the  quench  frequency. 

Although  superregenerative  de¬ 
tectors  may  take  a  bewildering 
number  of  special  forms  depending 
upon  application,  the  theory  devel¬ 
oped  above  has  been  found  to  ex¬ 
plain  the  behavior  of  all  forms  in¬ 
vestigated  during  the  past  five 
years  in  this  laboratory.  In  each 
case  the  development  centered 
around  obtaining  the  prescribed 
aperture  function.  Once  this  had 
been  accomplished  the  selectivity 
and  signal-noise  ratio  measured  on 
the  detector  agreed  substantially 
with  the  calculations. 


FIG.  3 — Knowing  the  time  variation  oi  die 
damping,  the  aperture  function  and  pass 
band  can  be  determined.  Optimum 
quenching  waveform  is  given  at  (G) 
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Gain  and  selectivity  of  superregenerative  receivers  can  be  predicted  by  the  principles  that 
are  developed.  Circuit  operation  and  the  effects  on  operating  characteristics  of  changing 
various  components  are  explained.  Effects  of  specific  quenching  waveshapes  are  discussed 
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FIG.  1 — Superreqenerative  circuit  (A)  and 
equiralent  circuit  (B)  and  relation  oi  oecil- 
lation  amplitude  to  woreehape  oi  conduct¬ 
ance  (C).  (D)  and  (E)  under  various  con¬ 
ditions 


Asuperregeneratoe  consists 
of  a  resonant  circuit  and  an 
oscillator  or  regenerator  tube,  as 
shown  in  Fig.  lA.  The  resonator  has 
a  positive  damping  G.  consisting 
of  the  inherent  and  coupled  losses 
of  the  tuned  circuit.  The  resonator 
is  also  periodically  supplied  with  an 
effective  negative  conductance  (G. 
— G.)  by  regenerator  tube,  which 
is  switched  on  and  off  by  a  quench¬ 
ing  voltage  to  produce  this  effect. 

Much  prewar  information  on  this 
circuit  is  vague,  particularly  that 
concerning  gain  and  selectivity.  Ex¬ 
tensive  war-time  application  of  su- 


The  Superregenerator 

In  the  circuit  described  above, 
transient  oscillations,  excited  by  a 
signal  in  the  tank  (Fig.  IB),  build 
up  exponentially  during  the  period 
of  negative  conductance.  When  the 


perregeneration  in  IFF  equipment 
required  a  thorough  investigation. 
Late  in  1942,  H.  A.  Wheeler  devel¬ 
oped  the  basic  concepts  that  lead  to 
a  clarification  of  the  characteristics 
of  this  device.  A  summary  of  this 
theory  is  given  and  it  is  shown  how 
it  can  be  used  as  a  guide  in  design¬ 
ing  superregenerative  receivers. 


INDEPENDENT  INVESTIGATIONS 

This  and  the  preceding  article  present  similar  material.  One 
might  ask  why  the  duplication.  There  are  two  reasons: 

(1)  Simultaneous  investigations  of  the  superregenerative 
circuit  were  made,  each  deserving  recognition  through 
publication. 

(2)  Use  of  this  circuit  has  been  hampered  by  lack  of  an 
adequate  explanation  of  its  operation.  The  subject  might 
still  be  considered  controversial  had  independent  investi¬ 
gators  not  come  to  similar  conclusions.  It  is  important  to 
progress  that  there  be  duplication  of  effort  so  the  investi¬ 
gators  will  constantly  be  checking  each  other's  results. 

Now  that  some  agreement  has  been  reached  on  theory 
and  design  factors,  numerous  applications  of  the  super¬ 
regenerative  method  for  obtaining  stable  and  extremely 
high  amplification  will  be  found. 
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P(0  passes  through  zero. 

The  theory  developed  in  the  fore¬ 
going  analysis  can  be  applied  ex¬ 
actly  in  a  few  interesting  cases. 
Suppose  that  a  square  quenching 
wave  is  used  such  that  Pit)  is 
positive  and  equal  to  P©  prior  to  t 
=  0  and  that  it  is  negative  and 
equal  to  —  P,  thereafter.  The  quench 
waveform  and  time  aperture  func¬ 
tion  for  this  case  are  shown  in  Fig. 
3A  and  B.  The  relative  amplitudes 
of  the  signal  in  the  amplification 
phase  are  also  shown  (Fig.  3C) ; 
this  later  curve  is  effectively  the 
selectivity  curve  of  the  detector. 

For  a  sensitive,  narrow-band  de¬ 
tector  with  a  square  quenching 
wave,  -.-Pi  should  be  made  as  small 
as  is  consistent  with  the  chosen 
quench  frequency.  For  thorough 
quenching  in  a  short  interval  P© 
must  be  large. 

Another  practical  case  is  that  of 
linearly  changing  Pit).  The  com¬ 
monly  used  sine  wave  quenching 
wave  causes  Pit)  to  change  from 
positive  to  negative  nearly  linearly. 
The  bandwidth  and  time  aperture 
function  Fityt)  depend  on  the  rate 
of  change  of  Pit).  If  Pit)  has 
been  changing  linearly  in  a  nega¬ 
tive  direction  since  t  =  —  qo  and  at 
f  =  0  passes  through  zero,  the  volt¬ 
age  Eit)  at  time  t  due  to  an  input 
I  cos  can  be  found  as  outlined 
at  Fig.  3D  through  3F.  For  this 
special  case  both  the  time  aperture 
and  the  frequency  response  have  the 
shape  of  a  probability  function. 

Requirements  for  Optimum  Quenching 

The  almost  proverbial  poor  sig¬ 
nal-noise  ratio  of  superregenerative 
detectors  is  mostly  due  to  the  short 
effective  duration  of  the  time  aper¬ 
ture  function.  In  most  cases  the 
time  aperture  function  has  an  effec¬ 
tive  duration,  measured  between 
points  of  half-peak  sensitivity, 
much  less  than  a  tenth  of  the  total 
quench  period.  Statistical  theory 
indicates  that  the  signal-noise  ratio 
should  vary  directly  as  the  square 
root  of  the  ratio  of  the  effective 
duration  of  the  time  aperture  to  the 
total  quench  cycle  duration. 

The  narrowest  band  and  greatest 
sensitivity  as  well  as  the  best  sig¬ 
nal-noise  ratio  appear  to  be  obtain¬ 
able  when  Pit)  has  a  large  positive 
value  during  the  quenching  period 
(first  operation),  which  is  made  as 


short  as  is  consistent  with  thorough 
quenching,  followed  by  a  value  of 
zero  during  the  entire  reception 
period  (second  function),  which  is 
made  as  long  as  possible.  The  am¬ 
plification  (third  function)  and  de¬ 
tection  (fourth  function)  period.^ 
should  be  as  short  as  is  practical. 
To  achieve  this  result.  Pit)  should 
become  quite  ^negative  so  as  to  am¬ 
plify  quickly  the  voltage  existing  at 
the  end  of  the  reception  period  to  a 
usable  level.  The  required  wave¬ 
form  is  shown  in  Fig.  3G. 

Certain  additional  precautions 
must  also  be  observed  in  designing 
superregenerative  detectors.  The 
quenching  must  be  complete,  other¬ 
wise  remnants  of  oscillation  per¬ 
sist  from  the  preceding  cycle,  spoil¬ 
ing  the  sensitivity  of  the  receiver. 
Ringing  or  spurious  modes  of  reso¬ 
nance  associated  with  r-f  chokes, 
quenching  circuit  coils,  or  other 
components  can  interfere  with  the 
quenching,  retaining  a  remnent 
signal  to  compete  with  the  new  in¬ 
coming  one.  Typical  symptoms  of 
this  difficulty  appear  when  a  sharply 
resonant  circuit  such  as  a  wave- 
meter  is  momentarily  held  close  to 
the  active  element.  Another  effect, 
usually  serious  only  in  low-fre¬ 
quency  superregenerative  detect¬ 
ors,  is  shock  excitation  of  the  active 
element  by  the  quenching  wave.  * 
This  action  reduces  the  sensitivity; 
it  is  eliminated  by  restricting  the 
frequency  content  of  the  quench. 

A  simple  way  of  testing  for  the 
presence  of  any  of  these  difficulties 
is  to  examine  the  shape  of  the  se¬ 
lectivity  curve  with  a  weak  incom¬ 
ing  signal.  Th^  selectivity  curve 
should  be  smooth  and  single  peaked. 
Any  of  the  above  difficulties  will 
cause  peaks  separated  by  an  inter¬ 
val  equal  to  the  quench  frequency. 

Although  superregenerative  de¬ 
tectors  may  take  a  bewildering 
number  of  special  forms  depending 
upon  application,  the  theory  devel¬ 
oped  above  has  been  found  to  ex¬ 
plain  the  behavior  of  all  forms  in¬ 
vestigated  during  the  past  five 
years  in  this  laboratory.  In  each 
case  the  development  centered 
around  obtaining  the  prescribed 
aperture  function.  Once  this  had 
been  accomplished  the  selectivity 
and  signal-noise  ratio  measured  on 
the  detector  agreed  substantially 
with  the  calculations. 
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damping,  the  aperture  function  and  pass 
band  can  be  determined.  Optimum 
quenching  waveform  is  given  at  (G) 
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ASUPErbegenerator  consists  perregeneration  in  IFF  equipment 

of  a  resonant  circuit  and  an  required  a  thorough  investigation, 

oscillator  or  regenerator  tube,  as  Late  in  1942,  H.  A.  Wheeler  devel- 

shown  in  Fig.  1  A.  The  resonator  has  oped  the  basic  concepts  that  lead  to 

a  positive  damping  G.  consisting  a  clarification  of  the  characteristics 

of  the  inherent  and  coupled  losses  of  this  device.  A  summary  of  this 

of  the  tuned  circuit.  The  resonator  theory  is  given  and  it  is  shown  how 

is  also  periodically  supplied  with  an  it  can  be  used  as  a  guide  in  design- 

effective  negative  conductance  (G.  ing  superregenerative  receivers. 

— G.)  by  regenerator  tube,  which 
is  switched  on  and  off  by  a  quench¬ 
ing  voltage  to  produce  this  effect. 

Much  prewar  information  on  this 
circuit  is  vague,  particularly  that 
concerning  gain  and  selectivity.  Ex¬ 
tensive  war-time  application  of  su- 
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In  the  circuit  described  above, 
transient  oscillations,  excited  by  a 
signal  in  the  tank  (Fig.  IB),  build 
up  exponentially  during  the  period 
of  negative  conductance.  When  the 


LINEAR  MODE 


CONDUCTANCE  9^  0 


OSCILLATION 

AMPLITUDE 


INDEPENDENT  INVESTIGATIONS 


LOGARITHMIC 
MODE  T 

I  - 

to 

CONDUCTANCE  9 1  t 


This  and  the  preceding  article  present  similar  material.  One 
might  ask  why  the  duplication.  There  are  two  reasons; 

(1)  Simultaneous  investigations  of  the  superregenerative 
circuit  were  made,  each  deserving  recognition  through 
publication. 

(2)  Use  of  this  circuit  has  been  hampered  by  lack  of  an 
adequate  explanation  of  its  operation.  The  subject  might 
still  be  considered  controversial  had  independent  investi¬ 
gators  not  come  to  similar  conclusions.  It  is  important  to 
progress  that  there  be  duplication  of  effort  so  the  investi¬ 
gators  will  constantly  be  checking  each'  other's  results. 

Now  that  some  agreement  has  been  reached  on  theory 
and  design  factors,  numerous  applications  of  the  super¬ 
regenerative  method  for  obtaining  stable  and  extremely 
high  amplification  will  be  found. 
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FIG.  1 — Superregenerative  circuit  (A)  and 
equivalent  circuit  (B)  and  relation  of  oscil¬ 
lation  amplitude  to  waveshape  of  conduct¬ 
ance  (C).  (D)  and  (E)  under  various  con- 
ditioiu 
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Quench  voltage  turns  oft  the  regen-  previous  cycle  are  being  damped  out 
erator  tube,  a  period  of  positive  con-  and  the  input  current  /  begins  to 
ductance  results  during  which  the  establish  a  normal  signal  in  the 
oscillations  are  quenched.  In  most 
applications  it  is  desirable  for  the 
transient  oscillations  of  one  quench 
cycle  to  almost  completely  die  out 
so  that  the  transient  of  the  next 
quench  cycle  is  started  mainly  by 
the  applied  signal. 

In  the  linear  mode  of  operation 
(Fig.  IC)  the  regenerator  tube  is 
turned  off  and  oscillations  are 
quenched  before*  they  reach  satura¬ 
tion.  The  oscillations  at  the  end  of 
the  negative  conductance  period, 
which  are  generally  fed  to  a  peak 
detector,  are  linearly  related  to  the 
applied  signal  amplitude. 

In  the  logarithmic  mode  of  oper¬ 
ation  (Fig.  ID)  the  regenerator 
tube  stays  on  until  the  oscillations 
reach  saturation.  The  duration  of 
saturation  varies  with  the  ampli¬ 
tude  of  the  applied  signal,  giving, 
for  separately  quenched  operation, 
a  saturation  pulse  width  that  is  ap¬ 
proximately  a  logarithmic  function 
of  signal  amplitude.  For  self- 
quenched  operation  a  quench  rate 
that  is  approximately  a  logarithmic 
function  of  signal  amplitude  re¬ 
sults.*  Detection  of  a-m  in  the  log¬ 
arithmic  mode  may  be  obtained  by 
using  a  separate  averaging  detector 
or  by  using  the  variations  in  the  re¬ 
generator  tube  electrode  currents. 

The  transient  oscillation  energy  of 
a  logarithmic-mode  superregenera¬ 
tor  has  also  been  used  to  feed  an 
f-m  detector.*  For  studies  of  gain 
and  selectivity  it  is  convenient  to 
ignore  the  detection  action,  and  to 
consider  the  superregenerator  as 
merely  a  carrier-frequency  ampli¬ 
fier. 


where  is  the  amplitude  at  f  =  0 
and  Eb  is  the  amplitude  at  T*.  It  is 
convenient  to  express  the  ratio  of 
the  superregenerative  transient  am¬ 
plitude  to  the  applied  signal  ampli¬ 
tude  as  a  gain  A  in  nepers  (one 
neper  equals  approximately  8.7  db) 
so  that 


Thus,  1/2C  times  the  area  under 
the  negative  oonductance-time  curve 
between  t  =  0  and  t  —  Tb  represents 
the  gain  in  nepers  to  a  short  r-f 
pulse  applied  at  f  =  0  and  measured 
at  t  =  Tb. 
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Calculating  Gain 

Action  of  the  superregenerator  as 
an  amplifier  can  be  described  by 
considering  the  tank  with  its  in¬ 
herent  and  coupled  positive  conduc¬ 
tance  as  being  shunted  by  a 
periodically  varying  negative  con¬ 
ductance,  representing  the  regen¬ 
erator  tube.  A  general  shape  of  con¬ 
ductance-time  variation  is  shown 
for  the  two  operating  modes  in 
Fig.  1C  and  D. 

For  calculating  gain  and  selectiv¬ 
ity,  it  is  convenient  to  consider  that 
a  cycle  of  quench  operation  starts 
at  Ta  when  the  oscillations  of  the 
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For  the  linear  mode  the  total  su- 
perregen^rative  gain  is  given  by 
integrating  the  total  negative  con¬ 
ductance  area.  For  the  logarithmic 
mode  the  effective  superregenera¬ 
tive  gain  is  obtained  by  integrating 
the  negative  conductance  area  up 
to  the  time  of  saturation.  This  is 
illustrated  in  Fig.  ID  where  Tp  is 
the  period  of'  the  constant  ampli¬ 
tude  (saturation)  oscillations  of  the 
logarithmic  mode  of  operation. 

The  superregenerative  gain  just 
described  is  not  the  total  gain  for 
a  continuous  carrier  at  the  fre¬ 
quency  of  the  resonator.  Some  fur¬ 
ther  gain  results  because  the  r-f 
signal  is  present  during  the  entire 
quench  cycle.  This  produces  a  re¬ 
generative  gain  R  which  is  gen¬ 
erally  considerably  less  than  the  su¬ 
perregenerative  gain. 

Sensitivity  Limitations 

The  manner  of  decay  of  the  oscil¬ 
lations  during  positive  conductance 
is  similar  to  the  transient  build-up 
during  negative  conductance,  and 
the  same  equations  hold  for  the 
transient  amplitude  in  the  positive 
conductance  area.  With  repetitive 
quench,  as  shown  in  Fig.  IE,  the 
net  transient  amplitude  at  To  due  to 
the  energy  remaining  in  the  tank 
from  the  previous  transient  of 
oscillation  initiated  in  the  tank  at 
Tc  is  given  approximately  by  1/2C 
times  the  net  area  under  the  conduc¬ 
tance-time  curve  between  To  and  To. 
Thus,  for  the  transient  hangover 
to  be  less  than  the  applied  signal, 
the  net  area  over  a  complete  quench 
cycle  must  be  positive.  This  excess 
damping,  shown  as  Ao  in  Fig.  IE, 
should  be  at  least  3  to  5  nepers  for 
most  applications. 

Sensitivity  of  a  superregenera¬ 
tive  receiver  is  determined  by  the 
minimum  usable  signal  level.  For 
the  logarithmic  mode,  sufficient  su¬ 
perregenerative  gain  is  obtained  to 
amplify  thermal  noise  to  saturate 
the  regenerator  tube.  In  this  case 
the  sensitivity  is  limited  by  the  sig¬ 
nal-noise  ratio  or  by  the  signal  level 
necessary  to  overcome  hangover. 

In  a  linear  mode  superregenera¬ 
tor,  sensitivity  may  be  limited  by 
insufficient  gain,  as  well  as  by  sig¬ 
nal-noise  ratio  or  hangover.  This 
is  particularly  true  in  applications 
using  a  very  high  quench  rate, 
low-transconductance  regenerator 
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tubes,  or  high-capacitance  resona¬ 
tors. 

If  a  short  r-f  pulse  is  applied  to 
a  superregenerator,  highest  gain  is 
realized  if  the  pulse  is  applied  'when 
the  conductance  passes  through  zero 
going  from  positive  to  negative.  If 
applied  later,  there  is  less  remain¬ 
ing  negative  conductance  area  and 
thus  less  gain.  If  applied  earlier, 
the  oscillations  decay  again,  giving 
less  gain.  Thus,  the  superregenera¬ 
tor  can  be  considered  to  have  a  sen¬ 
sitivity  which  varies  during  the 
quench  cycle,  having  a  maximum  at 
the  time  when  fir  =  0  and  is  going 
from  plus  to  minus. 

Variation  of  sensitivity  in  nepers 
with  time  can  be  found  directly 
from  the  conductance-time  func¬ 
tion,  and  from  this  a  linear  sensi¬ 
tivity-time  pulse  can  be  calculated, 
as  in  Fig.  2.  The  magnitude  of  the 
superregenerative  selectivity  curve 
has  the  same  shape  as  the  frequency 
spectrum  of  this  sensitivity-time 
pulse.  The  corresponding  frequency 
spectrum  can  be  found  by  Fourier 
analysis  or  by  Campbell  and 
Foster’s  tables.*  The  four  steps, 
ignoring  effects  of  hangover  and 
assuming  high  gain,  in  finding  the 
bandwidth  of  a  superregenerator 
with  a  known  variation  of  conduct¬ 
ance  with  time,  are  shown  in  Fig.  2 ; 
at  the  bottom  of  the  figure  the  re¬ 
sponse  in  the  presence  of  hangover 
is  shown. 

Design  Data' 

To  illustrate  how  these  steps 
might  be  applied,  consider  the  de¬ 
sign  of  a  superregenerator  that  is 
quenched  as  in  Fig.  lA.  From  an 
assumed  quench  waveshape  and  a 
knowledge  of  the  variation  in  trans¬ 
conductance  with  grid  bias  (as  ob¬ 
tained  from  published  tube  data), 
the  variation  of  transconductance 
with  time  can  be  found.  By  apply¬ 
ing  the  equations  of  Fig.  IB,  the 
variation  of  Gt  can  be  found.  This 
is  subtracted  from  an  assumed  (or 
known)  value  of  G*  for  the  resona¬ 
tor,  giving  the  net  conductance¬ 
time  function  needed  for  applying 
the  steps  of  Fig.  2.  The  sensitivity 
function  in  nepers  can  be  ob¬ 
tained  by  integrating  (graphically, 
if  necessary)  the  conductance-time 
function  and  multiplying  by  1/2C. 
The  linear  sensitivity-time  pulse 
s(f)  is  obtained  by  exp  Z(t),  where 
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FIG.  3 — Conductance  warefomi  controls  selectiTity,  as  these  specific  examples  show 


The  sensitivity  pulse  is  defined  as 


l{t)  is  conveniently  taken  to  be 
zero  at  f  =  0.  The  superregenera¬ 
tive  selectivity  shape  is  found  from 
the  frequency  spectrum  of  s{t).  If 
s(f)  is  not  found  in  Fourier  trans¬ 
form  tables,  an  approximate  answer 
may  be  obtained  by  graphical 
Fourier  analysis. 

If  it  is  desired  to  calculate 
the  selectivity  of  an  existing  super¬ 
regenerator,  it  may  be  convenient  to 
find  the  plate-current  waveform  of 
the  regenerator  tutle  (by  inserting 
a  small  resistor  in  the  plate  circuit 
and  observing  the  quench-frequency 
voltage  waveform  across  it  on  an 
oscilloscope).  Then  the  selectivity 
can  be  calculated  as  before. 


where  this  relation  holds  for 
Tb,  and  s  (t)  =0  outside 
of  these  limits. 

The  gain  of  the  superregenerator, 
H,  is  defined  as  the  ratio  of  the 
voltage  existing  at  the  peak  of  a 
superregenerative  cycle  to  the  volt¬ 
age  which  would  be  developed  across 
the  tank  at  resonance  if  the  con¬ 
ductance  had  remained  at  the  value 
G,.  That  is 

H  =  Eb/{I,G^)  (4) 

It  can  then  be  shown  (for  example, 
by  conservation  of  energy  or  by 
superposition  of  the  effects  of  a 
Equations  for  Gain  and  Selectivity  series  of  impulses)  that 

Q 

The  variation  in  superregenera-  H  =  exp  (A)  ^  X 
tive  sensitivity  with  time  means 
that  the  effect  of  the  current  sup¬ 
plied  to  the  resonator  varies  with 
time.  This  is  exactly  equivalent  to 
a  variation  in  input  current  ampli¬ 
tude  with  time.  It  can  be  shown  that 
the  magnitude  of  the  superregener¬ 
ative  selectivity  response  character¬ 
istic  is  equivalent  to  that  of  an 
unvaried  and  undamped  resonator 
to  which  an  a-m  signal  is  applied. 

The  spectrum  of  that  a-m  signal  is 
continuous  because  each  cycle  of 
quench  is  independent  of  the  others, 
if  hangover  is  negligible.  The  se¬ 
lectivity  characteristic  of  the  super¬ 
regenerator  is  exactly  equivalent  to  ^  ^ _ ^ 

the  frequency  spectrum  of  the  am-  2C 

plitude  modulated  signal,  or  of  the  The  remaining  factor,  evaluated  at 
sensitivity  pulse.  resonance,  defines  the  added  gain 


If  hangover  is  ignored  and  the 
superregenerative  gain  is  large,  Eq. 
5  reduces  to 


Equation  6,  which  ignores  end 
effects,  indicates  that  the  selectivity 
of  a  superregenerator  can  be  found 
from  the  inverse  Fourier  transform 
of  the  sensitivity-time  pulse.  The 
factor,  exp  A,  in  Eq.  6  is  the  super¬ 
regenerative  transient  gain  where 


that  is  obtained  by  regeneration. 
The  regenerative  gain  ratio  is 

« - 

As  before,  these  steps  have  ignored 
effects  of  hangover  and  assume  that 
the  superregenerative  gain  is  large. 

Effects  of  hangover  can  be  com¬ 
puted  from  the  net  attenuation, 
Ao,  and  phase  shift  per  cycle,  exp 
(— Ao  —  u>  Tq).  The  resulting 
selectivity  is 

S  *  F(w)/ll  —  exp  (—  ^0  —  jo)T g))  (9) 

where  F  (w)  is  the  selectivity 
ignoring  hangover.  The  curve  at 
the  bottom  of  Fig.  2,  showing  hang¬ 
over,  is  plotted  to  a  linear  scale ;  the 
peaks  are  very  nearly  separated  by 
Fg  =  1/Tq  and  the  troughs  are  half¬ 
way  between. 

Effects  of  Special  Waveshapes 

Figure  3  gives  examples  of  three 
conductance-time  curves  with  their 
corresponding  selectivities  as  calcu¬ 
lated  by  the  foregoing  method,  as 
well  as  the  equations  for  superre¬ 
generative  gain  A,  regenerative 
gain  R  and  selectivity  F(a)),  ignor¬ 
ing  hangover  and  end  effects. 

In  the  case  of  symmetrical 
squarewave  quench  (Fig.  3A),  a 
selectivity  equal  to  that  of  two  cas¬ 
caded,  isolated  single-tuned  circuits 
(one  having  conductance  G+,  the 
other  G.)  is  obtained.  When  [G-l 
=  G+  the  equivalent  phase  charac¬ 
teristic  of  the  selectivity  has  no 
phase  distortion.  This  distortion¬ 
less  phase  characteristic  is  pro¬ 
duced  by  all  conductance-time  func¬ 
tions  which  have  skew  symmetry 
about  gf  =  0  (Fig.  3A  and  3B). 
When  gain  A  is  large,  departure 
from  exact  skew  symmetry  in  re-- 
gions  remote  from  g  =  0  can  be 
neglected. 

The  triangular  conductance  wave¬ 
form  of  Fig.  3B  produces  a  selec¬ 
tivity  having  the  form  of  a  prob¬ 
ability  curve.  (A  probability  curve 
plotted  to  a  db  scale  forms  a  para¬ 
bola.) 

The  conductance  waveshape  of 
Fig.  3C  is  similar  to  that  found  in 
the  usual  self-quenched  superregen¬ 
erator,  particularly  those  using  grid 
quench  and  having  the  grid  leak  re¬ 
turned  to  a  positive  bias.  This  wave¬ 
form  produces  a  selectivity  follow¬ 
ing  a  probability  curve,  but  consid¬ 
erably  wider  than  that  of  Fig.  3B. 
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The  reason  for  this  is  that,  for  the 
same  quench  frequency  and  gain, 
the  shape  of  Fig.  3C  has  a  greater 
rate  of  change  of  conductance  with 
time,  giving  a  narrower  sensitivity¬ 
time  pulse  and  thus  a  wider  fre¬ 
quency  spectrum. 

When  a  converting  superregen¬ 
erator  is  used,  such  as  the  Fre- 
Modyne  circuit,  an  unusual  result 
is  obtained.  The  conversion  effi¬ 
ciency  varies  during  the  quench 
cycle  so  that  the  r-f  sensitivity-time 
pulse  is  the  product  of  the  i-f  sensi¬ 
tivity-time  pulse  and  the  conversion 
efficiency  pulse.  This  generally  re¬ 
sults  in  an  r-f  sensitivity-time  pulse 
that  is  slightly  narrower  than  the 
i-f  pulse,  and  thus  gives  a  slightly 
wider  r-f  bandwidth  than  i-f  band¬ 
width. 

In  the  foregoing  discussion  it  has 
been  assumed  that  the  resonant  fre¬ 
quency  of  the  superregenerative 
tank  circuit  does  not  vary  during 
the  quench  cycle.  This  gives  sym¬ 
metrical  selectivity  curves.  If  the 
superregenerative  tank  frequency 
varies  appreciably  during  the  period 
when  the  sensitivity-time  pulse  has 
significant  amplitude,  then  a  result 
much  like  a  combination  of  simul¬ 
taneous  a-m  and  f-m  is  obtained, 
which  can  produce  unsymmetrical 
selectivity  curves. 

Practical  Considerations 

It  can  be  shown  that  the  shape  of 
the  selectivity  curve  near  the  nose 
of  the  curve  is  determined  mainly 
by  the  shape  of  the  conductance¬ 
time  curve  near  the  time  when 
flf  =  0.  If  the  conductance  wave¬ 
shape  is  approximately  a  straight 
line  in  the  vicinity  of  flr  =  0,  then 
the  selectivity  curve  is  a  probability 
curve  to  approximately  as  many  db 
of  attenuation  as  are  represented  by 
the  superregenerative  gain  obtained 
during  the  linearly  sloping  part  of 
the  conductance  wave  form.  This 
leads  to  the  useful  approximation 
that  the  total  bandwidth  at  one 
neper  (8.7  db)  from  the  peak  is* 

fw  =  (l/ir)  l(l/c)ldG/(i<ll'^  (10) 

where  dG/dt  is  the  slope  of  the  con¬ 
ductance-time  curve  at  g  =  0. 

In  a  separately  quenched  super¬ 
regenerator,  Eq.  10  shows  that,  in 
.general,  if  the  quench  voltage  am¬ 
plitude  is  increased,  the  selectivity 
curve  will  become  wider.  Also,  if 


the  quench  voltage  frequency  is 
reduced,  keeping  the  same  wave¬ 
shape,  that  the  selectivity  curve 
will  become  narrower.  However,  if 
the  quench  amplitude  is  increased, 
or  the  frequency  decreases,  the 
available  superregenerative  gain 
will  be  increased,  producing  more 
total  gain  for  a  linear  mode  opera¬ 
tion  or  producing  an  earlier  satura¬ 
tion  in  logarithmic  mode.  Thus  for 
a  given  quench  waveshape,  and  for 
a  specified  superregenerative  gain, 
the  narrowest  selectivity  is  obtained 
by  using  the  lowest  possible  quench 
frequency.  However  the  minimum 
quench  frequency  should  be  at  least 
equal  to  twice  the  maximum  modu¬ 
lation  frequency  of  the  received 
signal. 

The  question  frequently  arises  of 
how  to  measure  the  selectivity  of  an 
existing  superregenerator.  Conven¬ 
tional  methods  may  be  applied  in 
certain  cases,  but  are  generally  in¬ 
adequate.  With  certain  types  of 
superregenerators  the  problem  is 
like  measuring  the  selectivity  of  a 
conventional  receiver  having  a  very 
flat  avc  that  cannot  be  disconnected. 
The  following  method  is  suggested 
as  being  applicable  to  substantially 
all  forms  of  superregenerators 
normally  used. 

The  audio  output  noise  of  the  re¬ 
ceiver,  without  an  applied  signal, 
is  measured  by  an  output  meter 
(rms  type  preferred).  A  signal  is 
applied  at  resonance  and  adjusted 
in  level  until  the  noise  is  suppressed 
by  some  convenient  amount  such  as 
10  or  20  db.  Then  the  signal  is 
detuned  and  readjusted  in  level 
until  the  noise  is  suppressed  by  the 
same  amount.  The  difference  be¬ 
tween  the  two  levels  is  the  attenua¬ 
tion  or  selectivity  at  the  detuned 
fre(iuency.  By  this  method  of  con¬ 
stant  noise  suppression,  the  com¬ 
plete  selectivity  curve  may  be  meas¬ 
ured  (assuming  an  adequate  signal 
generator)  to  as  much  as  80  to  100 
db  of  attenuation. 
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LINE  OF  PLANE  POLARIZATION 


DIRECTION  OF 
PROPAGATION 


CROSS- SECTION  VIEW 


SURFACE  VIEW 


(A)  PLANE  POLARIZED  WAVE 


VERTICAL 


HORIZONTAL' 


DIRECTION  OF 
PROPAGATION 


CROSS-SECTION  VIEW 


SURFACE  VIEW 


(B)  CIRCULARLY  POLARIZED  WAVE 


FIG.  1 — Reception  pattern!  of  haU-waTe  dipole  in  plane  and  circularly 
polarized  fieldi 


Circularly  polarized  antenna  in  use  by  radio  station 
WHKX 


Ciiculai  Polarization 
in  F-M  Broadcasting 


Experimental  field  intensity  measurements  substantiate  theoretical  advantages  to  be  gained 
over  plane  polarization.  The  high-gain  omnidirectional  broadcast  transmitting  antenna 
described  allows  most  convenient  location  of  home  receivers 


More  than  two  years  ago  the 
United  Broadcasting  Com¬ 
pany  initiated  an  experimental 
program  to  investigate  the  use  of 
circular  polarization  for  f-m. 

The  early  experimental  work  was 
carried  on  with  a  prototype  circu¬ 
lar-polarization  antenna  consisting 
of  a  vertical  half-wave  dipole  and  a 
horizontal  loop,  mounted  on  the 
same  vertical  axis.  A  report  cov¬ 
ering  this  work  was  furnished  to 
the  Federal  Communications  Com¬ 
mission  in  October  1946.’’  *  Within 
30  days  the  Commission  had 


amended  the  Standards  of  Good 
Engineering  Practice  to  permit  the 
addition  of  a  vertical  component 
having  the  same  magnitude  as  the 
horizontal  component  and  thus 
making  it  possible  to  supply  the 
service  area  with  a  diversely  polar¬ 
ized  signal  from  a  circularly  polar¬ 
ized  f-m  broadcasting  antenna  by 
radiating  twice  the  power  of  either 
component  operating  alone.* 

During  the  past  year  field  meas¬ 
urements  have  been  made  on 
W8XUB  and  WHKX  in  Cleveland 
to  determine  quantitatively  the  im- 
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tions  using  plane  or  horizontal 
polarization  is  limited  to  an  equiva¬ 
lent  20-kw,  500-foot  antenna  in 
accordance  with  FCC  allocation 
standards.  All  of  these  stations 
have  the  privilege  of  improving 
their  service  to  the  public  by  em¬ 
ploying  circular  polarization  and 
radiating  up  to  an  equivalent  40- 
kw,  500  foot  antenna. 

If  reception  patterns  are  investi¬ 
gated  on  a  theoretical  statistical 
basis  by  placing  a  half-wave  receiv¬ 
ing  antenna  at  random  the  curves 
of  Fig.  2  result.  F’or  a  circularly 
polarized  field  with  receiving  anten¬ 
nas  placed  at  random  in  space  the 
median  value  is  82  percent.  In  a 
plane-polarized  field  with  receiving 
antennas  placed  at  random  in  the 
plane  of  polarization  the  median 
value  is  63  percent.  If  the  receiv¬ 
ing  antennas  are  placed  at  random 
in  space  when  the  field  is  plane  po¬ 
larized  the  median  value  is  48.7 
percent. 

If  ratios  between  the  curves  of 
Fig.  2  are  expressed  in  decibels  of 
improvement  the  two  theoretical 
curves  of  Fig.  3  result.  The  median 
improvem3nt  of  circular  polariza¬ 
tion  over  plane  polarization  for  an¬ 
tennas  placed  at  random  in  space 
is  4.6  decibels,  while  the  improve¬ 
ment  of  circular  polarization  over 
plane  polarization  when  the  receiv¬ 
ing  antennas  are  placed  in  the  plane 
of  polarization  is  2.3  decibels.  It 
should  be  observed  that  the  im¬ 
provement  to  50  percent  of  the  sets 
will  be  much  more  than  this  value, 
as  indicated  by  the  sharp  upward 
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FIG.  2 — Distribution  of  field  intensity  with  recelring  antennas  in  random  placements 


provement  of  circular  polarization 
over  plane  polarization,  and  a  re¬ 
search  program  has  been  carried 
on  by  the  Ohio  State  University  Re¬ 
search  Foundation  in  Columbus  to 
develop  a  high-gain  circularly  polar¬ 
ized  broadcasting  antenna. 

Theoretical  Advantages 

One  of  the  principal  advantages 
of  circular  polarization  over  plane 
polarization  is  that  space  is  more 
completely  filled  with  a  diversely 
polarized  signal.  Figure  1  shows 
that  in  a  plane-polarized  field  a 
simple  receiving  antenna  can  be 
placed  in  only  one  position  for  max¬ 


imum  signal  pickup  and  in  a  whole 
plane  of  positions  for  zero  signal 
pickup,  while  in  a  circularly  polar¬ 
ized  field  a  simple  receiving  antenna 
can  be  placed  in  a  whole  plane  of 
positions  for  maximum  signal  pick¬ 
up  and  in  only  one  position  for  zero 
signal  pickup. 

It  should  be  emphasized  that  al¬ 
though  the  radiated  power  can  be 
doubled  in' going  from  plane  to  cir¬ 
cular  polarization  the  more  impor¬ 
tant  consideration  is  that  the  polar¬ 
ization  changes  from  a  single  line 
or  linear  dimension  to  a  surface  or 
two-dimension  phenomenon.  The 
radiated  power  from  many  f-m  sta¬ 
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FIG.  3 — Theoretical  improvement  of  circular  polarization  over 
'  plane  polarization 


FIG.  4 — Improvement  of  circular  over  horizontal  polarization 
when  receiving  antennas  are  horizontal 
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curvature  toward  the  right  end  of 
these  curves. 


home  cause  the  measured  points  to  ever,  their  effect  is  reflected  by 
fall  below  the  theoretical  curve  shifting  the  other  points  to  the 
toward  the  left  end  and  rise  above  left. 

the.  theoretical  curve  toward  the  Summarizing  the  results  indi¬ 
right  end.  cated  by' the  above  field  measure- 

If  the  receiving  antenna  is  placed  ments,  it  is  more  profitable  for  a 

at  random  in  space  it  should  be  pos-  broadcaster  to  divide  the  available 

sible  to  check  the  theoretical  curve  power  between  the  horizontal  and 

of  Fig.  3.  To  accomplish  this,  meas-  vertical  components  and  employ  cir- 

urements  of  circular  polarization  cular  polarization  even  for  serving 

transmission  with  vertical  receiv-  only  horizontal  receiving  antennas 

ing  antennas  were  compared  to  placed*  in  the  home.  However,  such 

both  vertical  and  horizontal-polar-  division  of  total  power  is  not  neces- 

ized  transmission  with  the  same  sary  under  the  Standards  of  Good 

vertical  receiving  antennas.  Then  Engineering  Practice  for  f-m 

a  similar  set  of  ratio  measurements  broadcast  stations.  Under  these 

were  made  with  horizontal  receiv-  standards  the  broadcaster  can  ex- 

ing  antennas.  Figure  5  presents  pect  to  more  than  double  the  power 

72  such  ratio  measurements  with  a  (3.71  db)  in  horizontal '  receiving 

median  improvement  of  4.87  de-  antennas  and  increase  the  power 

cibels.  This  is  in  good  agreement  more  than  eight  times  (9.25  db)  in 

with  the  theoretical  median  im-  vertical  receiving  antennas  within 

provement  of  4.6  decibels.  Again  the  service  area. 

cancellations  and  reinforcements 

...  j  i  u  i.u  Antenna  Development 

are  believed  to  be  the  reason  for  the 

statistical  data  to  fall  below  the  The  program  at  the  Ohio  State 
theoretical  curve  at  the  left  and  rise  Research  Foundation  embodied 
above  the  theoretical  curve  at  the  basic  research  on  two  methods  of 
right.  producing  circular  polarization. 

Another  case  of  interest  is  the  The  first  employed  excitation  of 
improvement  that  can  be  expected  a  single  element  geometrically 
when  the  receiving  antennas  are  shaped,  such  as  spiral  slots  or  heli- 
vertical.  A  practical  application  is  cal  antennas,  to  produce  the  desired 
whip  antennas  on  automobiles  and  polarization.  The  second  group  con- 
power-cord  antennas  such  as  are  sisted  of  horizontal  and  vertical 
commonly  used  on  table-model  re-  radiating  elements,  each  fed  with 
ceivers.  The  21  statistical  meas-  the  proper  proportion  of  energy  to 
urements  for  this  condition  are  pre-  produce  equal-magnitude  fields  and 
sented  in  Fig.  6,  which  shows  a  with  the  proper  time-phase  differ- 
median  improvement  of  9.25  dec-  ence  to  produce  circular  polariza- 
ibels.  The  improvement  for  three  tion.‘ 

points  was  too  great  to  plot;  how-  In  developing  the  antenna  the 


Field  Measurements 


To  determine  quantitatively  the 
improvement  of  circular  polariza¬ 
tion  over  plane  polarization  as  it 
affects  the  average  home  receiver 
it  was  assumed  that  the  f-m  receiv¬ 
ing  antenna  built  into  the  home  re¬ 
ceiver  must  be  served.  Therefore, 
372  carefully  controlled  field-in¬ 
tensity  measurements  were  made  in 
36  typical  homes  throughout  the 
service  area  of  W8XUB. 

Measurements  in  the  home  were 
made  with  a  half-wave  dipole  placed 
six  inches  in  front  and  with  the 
center  of  the  dipole  level  with  the 
top  of  the  home  receiver.  In  other 
words,  an  effort  was  made  to  reflect 
into  the  results  the  effect  of  the 
position  of  the  home  receiver  as 
selected  by  the  housewife. 

With  the  test  half-wave  dipole 
horizontal,  the  transmitting  an¬ 
tenna  was  caused  to  radiate,  first 
horizontal  polarization  and  then 
circular  polarization  of  equal  maxi¬ 
mum  field  intensities.  The  ratio  of 
these  measurements  made  in  36 
homes  shows  in  Fig.  4  that  the 
median  improvement  is  3.71  deci¬ 
bels.  The  theoretical  curve  was 
also  drawn  in  this  figure  for  com¬ 
parison  purposes.  It  will  be  noted 
that  the  field  measurements  data  is 
in  fair  agreement  with  the  theoreti¬ 
cal  curve.  ^  It  is  believed  that  can¬ 
cellations  and  reinforcements  due 
to  reflections  from  metalic  plumb¬ 
ing  and  wiring  in  and  around  the 


955  oe  MEDIAN  IMPROVEMENT- 
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FIG.  5 — ImproTemant  of  circular  orar  plane  polarization  with 
randomly  placed  receiring  antennae 


FIG.  6 — ImproTement  of  circular  polarization  over  horizontal 
with  vertical  receiving  antennae 
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problem  was  attacked  theoretically 
and  experimentally  by  means  of 
model  technique.*  The  theoretical 
work  was  devoted  to  slots  in  cylin-* 
ders*  since  it  appeared  early  in  the 
development  that  this  tsrpe  of  an¬ 
tenna  would  probably  be  used  as  the 
radiating  element  to  produce  the 
horizontal  polarized  component  of 
the  circularly  polarized  antenna. 

To  produce  circular  polarization 
in  the  horizontal  plane  it  should  be 
remembered  that  both  the  horizon¬ 
tal  and  vertical  radiating  elements 
must  have  a  uniform  pattern  in 
magnitude  and  phase.  It  has  been 
shown*  that  two  diametrically  op¬ 
posed  axial  or  longitudinal  slots  in 
a  cylinder  will  satisfy  the  require¬ 
ment  for  the  horizontal  component, 
as  the  magnitude  was  essentially 
uniform  and  the  phase  shift  was 
less  than  three  degrees  through  the 
f-m  broadcast  band  for  cylinders 
whose  diameters  were  16  inches.  By 
making  the  cylinder  a  half-wave¬ 
length  long  and  feeding  the  slots  at 
the  center,  the  desired  horizontal 
component  can  be  produced.  The 
vertical  component  can  be  obtained 
by  feeding  the  half- wavelength 
cylinders  as  full-wavelength  verti¬ 
cal  dipoles.  The  90-degree  time- 
phase  requirement  was  satisfied  by 
using  a  phase  control  as  shown  in 
Fig.  7,  which  also  shows  the  basic 
elements  and  how  they  were  devel¬ 
oped  and  combined  to  produce  the 
circularly  polarized  experimental 
antenna  as  used  by  station  WHKX, 
and  illustrated  on  the  cover  of 
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FIG.  7 — DeTBlopment  of  the  circular-polarized  antenna  from  dipolee  and  a  elot  array 


diameter,  in  Fig.  8.  The  horizon¬ 
tal-plane  patterns  for  the  two  ele¬ 
ments  are  quite  uniform,  as  shown 
in  Fig.  9.  With  this  basic  informa¬ 
tion  a  model  for  a  circularly  polar¬ 
ized  antenna  was  constructed  and 
tested.  Pattern  tests  proved  the 
antenna  to  be  circularly  polarized 
in  the  horizontal  plane  and  that  the 
units  could  be  stacked  for  high 


Electronics  for  April  1948. 

Experimental  data  on  the  slots 
showed  them  to  have  vertical  pat¬ 
terns  which  were  similar  to  the  ver¬ 
tical  fat  dipole  and  indicated  that 
the  units  or  full- wavelengths  bays 
could  be  stacked  suitably  for  high 
gain.  Vertical  patterns  at  100  me 
for  both  elements  are  shown  for 
half-wave  cylinders  16  inches  in 


(A)  FAT  X/2  DIPOLE 


(B)  TWO  AXIAL  SLOTS 


-Vsrtical  fiald  pottemz  for  both  Torticol  ond  horizontal-polarized 
elements  at  100  me.  using  16-in.  diameter  cylinder 


FIG.  9 — Vertical  and  horizontal-polarization  compo¬ 
nents  of  horizontal-plane  pattern  at  100  me 
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I  gain.  As  a  result  of  these  studies 
I  the  full-scale  antenna  was  fabri- 
I  cated  and  installed  for  experimen- 
I  tal  operation. 

||  The  Antenna 

I  One  unit,  or  bay,  of  the  antenna 
consists  of  two  half -wavelength  cy¬ 
lindrical  sections  with  two  diamet¬ 
rically  opposed  axial  (longitudinal) 
slots  cut  in  each  section  as  shown 
in  Fig.  10.  For  the  vertical  radiat¬ 
ing  element,  the  two  cylindrical  sec¬ 
tions  are  fed  at  the  center  of  a 
vertical  full-wavelength  fat  dipole. 
Since  the  units  are  one  wavelength 
long,  the  feeding  problem  is  simple 
when  the  units  are  stacked  in  a 
vertical  collinear  array,  to  obtain 
a  high-gain  vertical  pattern.  The 
horizontally  polarized  component  is 
obtained  by  feeding  the  axial  slots, 
cut  in  each  section  of  the  cylinder, 
in  phase  with  equal  amplitudes  of 
current  so  the  circular  pattern  in 
the  horizontal  plane  is  obtained. 

Feeding  the  antenna  can  be  ac¬ 
complished  with  a  multiwire  bal¬ 
anced  transmission  line  as  shown 
in  Fig.  7  and  10,  or  a  coaxial-line 
feed  system  can  be  employed 


throughout.  The  full-scale  model 
employs  a  balanced  four-wire  line. 
The  copper-clad  steel  conductors 
are  .stretched  from  the  top  to  the 
bottom  of  the  supporting  mast  and 
on  the  inside  of  it.  One  pair  of 
conductors  is  used  to  feed  the  verti¬ 
cal  radiating  elements  and  the 
other  pair  the  horizontal  radiating 
elements.  The  correct  phase  rela¬ 
tionship  for  the  two  slots  in  each 
cylinder  is  obtained  by  properly 
crossing  the  connectors  from  the 
transmission  lines  to  the  slots  as 
shown  in  Fig.  10.  Since  the  feed 
points  from  one  cylinder  to  the  next 
cylinder  are  a  half  wavelength 
apart,  altering  the  crossed  connec¬ 
tors  keeps  the  units  in  phase  so 
they  can  be  stacked.  The  feed  points 
for  the  dipoles  are  one  wavelength 
apart  and  can  thus  be  fed  in  phase 
to  produce  a  simple  collinear  array 
of  stacked  elements. 

Each  section  of  the  galvanized- 
iron  cylinder  shell  is  fastened  to 
a  standard  10-inch  steel  mast  with 
metal  castings  to  support  the  shell 
to  the  mast.  This  is  possible  be¬ 
cause  the  support  point  is  at  zero 
potential,  being  an  odd  quarter- 
wavelength  away  from  the  vertical- 
polarization  feed  points  and  equi¬ 
distant  between  the  horizontal  feed 
points.  This  keeps  the  entire  an¬ 
tenna  free  of  insulators.  A  quarter- 
wavelength  skirt  is  placed  at  the 
bottom  of  the  antenna  to  minimize 
currents  on  the  supporting  struc¬ 
ture.  Bazookas  are  used  to  trans¬ 
form  from  balanced  to  unbalanced 
transmission  lines  as  shown  in 
Fig.  7. 

With  independent  phase  and 
power  control  it  is  easy  to  adjust 
for  true  circular  polarization.  The 
condition  of  polarization  is  deter¬ 
mined  at  WHKX  by  a  half-w’ave 
sampling  dipole  mounted  level  with 
the  center  of  the  circular-polariza¬ 
tion  antenna  on  a  wooden  pole  at 
a  distance  of  about  100  feet.  This 
dipole  can  be  rotated  by  a  rope  con¬ 
trol  to  an^. -position  in  a  plane  at 
right  angles  to  the  direction  of 
propagation.  The  r-f  meter  at  the 
center  of  the  dipole  can  be  observed 
by  using  a  telescope  mounted  in  the 
transmitter  building. 

The  gain  of  the  antenna  is  a 
function  of  the  number  of  units  or 
bays  and  may  be  determined  by 


the  conventional  method  used  in 
computing  the  gain  of  collinear  ar¬ 
rays. 

Cammercial  Antannas 

For  commercial  antennas  it  may 
be  more  desirable  to  use  a  con¬ 
centric  transmission  line  harness- 
type  of  feed  throughout.  By 
first  resonating  and  then  control¬ 
ling  the  resistance  magnitude  at 
the  various  antenna-element  feed 
points  the  standing  waves  on  the 
feeder  lines  can  be  reduced  to  a 
minimum.  The  commercial  broad¬ 
cast  antennas  can  be  fabricated  in 
this  fashion.  All  openings  in  the 
cylinders  will  be  covered  with  plas¬ 
tic  to  minimize  effects  from 
weather  conditions.  It  will  then  be 
practical  to  bulk  heat  the  antenna 
structure  if  icing  is  expected  to  be 
severe  enough  to  require  it.  A  lad¬ 
der  can  be  mounted  on  the  cylinders 
without  affecting  the  radiation  pat¬ 
tern,  thus  making  it  easy  to  service 
the  flasher  beacon  at  the  top  of  the 
antenna. 
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Th*  low  frequonc7  oocUlotor  showing  rang*  switch, 
stop  froquoncy  soloctor,  and  IotoI  (gain)  control 


Top  chassis  risw  oi  tho  oscillator  and  conTontional  powor  supply, 
two  6-watt  Icnnps  aro  in  tho  loodback  circuit 


Stable  oscillations,  from  0.3  to  252  cps  are  obtained  iii  three  ranges.  The  ganged  vari¬ 
able-resistance  tuning  elements  give  small  stepped  increments  of  frequency.  Lamps  are 

used  for  nonlinear  negative  feedback 


with  the  comparatively  low  resist¬ 
ances  of  wire-wound  resistors  and 
potentiometers  it  is  difficult  to  hold 
capacitors  to  a  reasonable  size.  In 
oscillators  with  only  vacuum  tube 
nonlinearity  controlling  the  am¬ 
plitude,  circuit  changes  in  adjusting 
the  frequency  and  selecting  the 
range  of  frequencies  cause  tran¬ 
sients  lasting  as  long  as  15  cycles, 
which  is  30  seconds  at  0.5  cps,  mak¬ 
ing  additional  .amplitude  stabiliza¬ 
tion  desirable.' 

Beat-frequency  oscillators,  with 
the  fixed  frequency  at  1,000  cps, 
have  operated  satisfactorily  in  the 
low-frequency  regions.  Time,  how¬ 
ever,  is  required  to  .be  certain  that 
the  zero-beat  error  is  negligible; 
and  a  good  quality  filter  is  required 
to  eliminate  the  unwanted  modula¬ 
tion  components  from  the  desired 
signal. 


By  JOSEPH  F.  KEITHLEY 

Keithlty  Jnittrumeiita 
Cleveland,  Ohio 


The  circuit  diagram  shown  in 
Fig.  1  is  fundamentally  that  of 
a  resistance-capacitance  oscillator 
with  nonlinear  feedback  for  stabil¬ 
izing  the  amplitude.*  The  fre¬ 
quency-controlling  network  is  of 
the  series  R-C,  parallel  R-C  type, 
and  was  chosen  because  only  two 
variable  elements  are  required.  Re¬ 
sistance  changes  are  used  to  control 
the  frequency  over  a  range  of  10 
to  1,  and  the  decades  are  selected 
by  varying  the  associated  capac¬ 
itance.  Resistors  R,  and  are 
the  variable  parameters,  and  Ci 
through  C,  are  the  fixed.  They  give 
an  overall  range  from  0.32  cps  to 
252  cps.  Negative  feedback  is  con¬ 
trolled  by  Rt,  Rt  and  /?»,  with  R, 
and  Rs  the  nonlinear  resistors.  Tube 
F,  is  a  voltage  amplifier,  and  V, 
drives  the  frequency-controlling 
and  negative-feedback  networks. 


Oscillators  in  the  frequency 
region  below  20  cps  have 
numerous  laboratory  uses,  particu¬ 
larly  in  the  study  of  vibration  prob¬ 
lems  and  in  the  design  and  testing 
of  amplifiers  which  use  a  large 
amount  of  negative  feedback. 

The  two  major  obstacles  to  be 
overcome  in  designing  a  satisfac¬ 
tory  low-frequency  oscillator  are 
the  large  sizes  of  the  components 
and  the  time  required  for  transients 
to  disappear.  Because  of  the  low 
impedance  and  low  Q  of  inductors 
in  this  region,  the  frequency-con¬ 
trolling  elemei  are  almost  always 
resistances  and  capacitances;  and 
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tortion  will  result.  Two  115-volt 
6-watt  candelabra-base  lamps  con¬ 
nected  in  series  were  found  experi¬ 
mentally  to  give  acceptable  wave¬ 
form  at  0.5  cps,  damp  transients 
quickly,  arid  have  satisfactory  elec¬ 
trical  characteristics. 

The  chief  limitation  of  the  oscil¬ 
lator  is  that  the  frequency  cannot 
be  varied  continuously.  In  most 
work  encountered,  the  steps  have 
been  adequately  close.  Additional 
increments,  however,  can  be  ob¬ 
tained  by  using  a  selector  switch 
with  more  steps,  using  ranges  of  3 
and  30  in  addition  to  1,  10,  and  100, 
or  by  connecting  auxiliary  decade 
capacitors  across  the  frequency¬ 
controlling  capacitors. 

As  noted  previously,  the  lower 
frequency  limit  of  oscillation  is 
determined  by  the  thermal  elements 
in  the  feedback  circuit.  The  upper 
limit,  with  i2,  and  Rt  maxima  of  1 
megohm,  is  reached  when  the  tube, 
switch,  and  wiring  capacitances  be¬ 
come  appreciable  compared  with 
thosfe  of  the  oscillating  circuit.  A 
convenient  limit  for  the  present 
oscillator  is  252  cps. 


3,000 


'+250 

RESISTORS  OF  THE  FREQUENCY  SWITCH,  R,  OR  R, 
150,000  100000  68000  43,000  24.000 

200000  120.000  82,000  56000  36,000 


120.000 


SWITCH  STEP  12  3  4  5  6  7  6t  9  IQ  II 

TOTAL  CIRCUIT  RE-  0399  0799  0649  0529  0429  0  347  0  279  0.223  0180  0144  0 120 
SISTANCE  NOMINAL 
VALUE  IN  MEGOHMS 

OSCILLATOR  FREOUEN-  3l2  39  47  5.8  72  88  10  8  13  7  170  2l  2  25  2 

CY  CPS  ON  XI  0  RANGE 


1 — Circuit  diagram  of  the  low-frequency  oscillator.  The  stepped  Tarioble 
frequency  control  detail  indicated 


Oscillator 


Accuracy 

The  finished  oscillator  has  been 
calibrated  carefully,  and  the  range 
capacitors  adjusted  so  that  the  er¬ 
ror  in  frequency  is  less  than  2  per¬ 
cent  of  any  given  setting.  The  use 
of  tubular  paper  capacitors  and 
composition  resistors  in  the  fre¬ 
quency-controlling  network,  how¬ 
ever,  means  that  errors  as  great  as 
4  to  6  percent  can  be  expected.  This 
error  can  be  reduced  by  the  use  of 
more  stable  elements ;  or  a  spot 
calibration  can  be  made  whenever 
a  critical  situation  is  encountered. 

The  low-frequency  oscillator  has 
given  good  service  for  several 
months,  and  seems  to  be  a  generally 
satisfactory  instrument.  Through 
the  techniques  of  a  switch-con¬ 
trolled  variable  high  resistance  and 
nonlinear  negative  feedback,  a  sim¬ 
ple,  stable,  easy-to-use  oscillator 
has  been  built  in  a  frequency  re¬ 
gion  once  noted  for  its  difficulties. 


mount  conveniently’  on  the  fre¬ 
quency  switch,  and  result  in  a  neat 
and  compact  control.  The  switch 
and  resistor  combination  gives  a 
stable,  variable  resistor  with  high 
resistance,  so  that  only  a  0.5  (xf  ca¬ 
pacitance  is  required  for  the  0.3  cps 
to  2.5  cps  range.  The  schematic 
diagram  of  Ri  and  R^  is  shown  at 
the  bottom  of  Fig.  1. 

Capacitors  Ct  and  C,,  C»  and  C, 
were  selected  and  trimmed  to  fit  the 
decade  relationship  with  Ci  and  C4, 
respectively.  The  capacitors  Ci  and 
Ct  were  chosen  within  5  percent  of 
each  other. 


Cathode-follower  isolates  the 
output.  The  power  supply  is  con¬ 
ventional. 

In  the  circuit  of  Fig.  1,  /  = 
1/2-kRC,  where  /  is  the  frequency 
of  oscillation;  R  is  the  resistance 
of  Ri  or  Rt,  assuming  them  equal ; 
and  C  is  the  capacitance  of  the  as¬ 
sociated  capacitors,  assuming  they 
also  are  equal.  Resistors  Ri  and  Rt 
are  controlled  by  a  two-section, 
eleven-point  frequency  selector 
switch.  At  each  range  setting,  if 
a  factor  of  10  in  frequency  is  de¬ 
sired  for  a  complete  sweep  of  the 
frequency  switch,  along  with  a  pro¬ 
portional  increase  in  frequency 
with  each  step  of  the  switch,  then 
the  ratio  of  increase  is  10‘ or 
approximately  1.23  per  step.  This 
relation,  in  turn,  means  a  division 
of  the  previous  value  of  R,  or  Rt  by 
1.23  for  each  increasing  step  of 
the  frequency  switch.  One  megohm 
was  a  convenient  value  for  the  max¬ 
imum  of  Ri  and  Rt.  Using  this,  the 
incremental  resistances  were  com¬ 
puted,  and  the  nearest  RMA-value 
resistor  was  selected.  One  half¬ 
watt  resistor  was  used  for  each 
incremental  resistance ;  these 


Thermal  Elements 

The  choice  of  the  thermal  char¬ 
acteristics  of  the  nonlinear  resis¬ 
tors  in  the  feedback  circuit  is  a 
compromise  between  two  require¬ 
ments.  It .  is  desirable  that  the 
thermal  time  constant  be  as  short 
as  possible,  so  that  transients 
caused  by  changing  the  frequency 
or  the  range  will  be  as  short  as 
possible.  Yet  there  should  be  no 
appreciable  change  in  resistance 
during  a  cycle  of  oscillation  at  the 
lowest  frequency,  or  waveform  dis¬ 
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iDigital  Computei 
Switching  Circuits 


Basic  operational  requirements  of  digital  computers  and  fundamentals  of  the 
obtaining  them  are  set  forth.  For  the  most  part  familiar  switching  circuits  can  h 
they  must  rteet  the  special  requirements  of  positive  action  that  are  desci 


bers  having  ten  decimal  places. 
Such  speed  means  that  these  ma¬ 
chines  will  make  it  practical  to 
solve  problems  requiring  so  many 
millions  of  arithmetic  operations  as 
not  to  be  considered  at  present.  Di¬ 
recting  such  a  machine  is  a  major 
administrative  problem.  As  Dr.  von 
Neumann  of  the  Institute  for  Ad¬ 
vanced  Study  expressed  it,  “Pro¬ 
gramming  a  problem  for  such  a  ma¬ 
chine  is  equivalent  to  writing  a 
detailed  set  of  instructions  for 
twenty  automatons  with  desk  cal¬ 
culators  sufficient  to  keep  them 
busy  for  two  years,  working  a  forty- 
hour  week.”  These  automatons  have 
no  ability  to  think  for  themselves! 

Leaving  the  mathematical  and 
administrative  problems  to  others, 
we  can  proceed  to  the  basic  elec¬ 
tronic  problems.  We  must  first  have 
(A)  an  electronic  alphabet  for  writ¬ 
ing  numbers  and  orders,  (B)  a 
medium  on  which  to  write,  (C) 
means  of  writing  and  reading,  and 
(D)  means  for  interpreting  the 
written  word.  These  words  may  be 
numerical,  as  3721499825,  or  coded 
orders,  as  A0173Q75B6.  When  a 
number-word  (number)  is  read,  it 
must  be  translated  into  what  the 
machine  recognizes  as  numerical 
form.  An  order-word  (order)  must 
be  interpreted  by,  being  converted 
to  a  set  of  voltages,  to  operate 
switches. 

Reading  a  word  consists  in  part 
of  transmitting  it  to  the  organ 
which  is  to  interpret  and  be  affected 
by  it.  Thus  numbers  are  trans¬ 
mitted  from  storage  to  arithmetic 
unit,  or  vice  versa,  and  orders  are 
sent  from  storage  to  the  central 
control  organ,  or  dispatcher.  In  ad- 


a  specified  place.  He  must  then  be 
told  where  to  find  his  next  instruc¬ 
tion,  unless  all  instructions  are  se¬ 
rially  listed  and  no  variations  in 
their  order  are  to  be  made.  Explicit 
instructions  as  to  where  to  write 
partial  results  and  when  and  where 
to  refer  back  to  them  for  further 
use  comprise  a  sort  of  automatic 
memory.  The  sheets  of  paper,  num¬ 
bered  for  identification,  form  a 
storage  for  numbers ;  his  whole  pro¬ 
gram  is  stored  on  paper  before  he 
starts  to  work. 

Even  the  power  of  decision  can 
be  mechanized.  If  a  human  com¬ 
puter  is  supposed  to  compute  one 
intermediate  result  to  a  specified 
degree  of  accuracy  by  a  method  of 
successive  approximations,  he  must 
continue  until  further  steps  make 
insignificant  changes.  He  is  there¬ 
fore  instructed  to  keep  repeating 
the  procedure  until  a  tentative  an¬ 
swer,  taken  to  ten  places,  eqjuals  the 
previous  tentative  answer,  and  then 
to  proceed  with  the  main  prograih. 

We  see  that  our  automaton  must 
be  given  instructions,  or  orders,  in¬ 
corporating  the  following  informa¬ 
tion:  (1)  where  to  find  operands; 
that  is,  the  two  numbers  to  be  com¬ 
bined  by  addition,  multiplication, 
subtraction,  or  division,  (2)  which 
arithmetic  operation  to  perform, 
(3)  where  to  Avrite  the  result, 
either  in  a  specified  place  for  fur- 
ture  reference  or  on  his  final  an¬ 
swer  sheet,  and  (4)  where  to  find 
his  next  set  of  similar  instructions. 

An  electronic  computer  operates 
on  a  similar  routine.  Machines  be¬ 
ing  designed  and  built  will  perform 
this  cycle  of  operations  in  a  milli¬ 
second  or  less,  working  with  num¬ 
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yfUTOMATICALLY-SEQUENCED  digi- 
X^tal  computers  are  machines 
that  have  no  intelligence,  yet  carry 
out,  without  intervention,  lengthy 
routines  of  mathematical  calcula¬ 
tion.  '  An  understanding  of  general 
design  considerations  requires  a 
survey  of  the  procedures  followed 
by  a  human  computer  using  desk 
calculator. 

A  human  computer  does  more 
than  arithmetic ;  he  not  only  carries 
out  the  elementary  processes  of 
addition,  subtraction,  multiplica¬ 
tion,  and  division,  but  he  also  de¬ 
cides  what  numbers  to  add,  multi¬ 
ply,  etc.,  and  what  to  do  with  his 
results.  These  results  of  his  arith¬ 
metic  are  only  stepping  stones  to 
his  final  goal,  just  as  the  numbers 
upon  which  he  performs  his  arith¬ 
metic  were  previous  stepping 
stones.  Some  problems  require  mil¬ 
lions  of  arithmetic  operations  to 
arrive  at  a  relatively  small  set  of 
numbers  representing  the  final  an¬ 
swer. 

If  we  reduce  the  human  computer 
to  an  automaton  having  only  the 
ability  to  read,  write,  and  do  arith¬ 
metic,  we  need  to  give  him  a  very 
detailed  set  of  working  instructions. 
These  instructions  include  original 
numerical  data  from  which  he 
works,  and  an  explicit  program  of 
operations  to  be  performed.  He 
must  be  told,  for  example,  to  read 
numbers  in  two  specified  places, 
add  them,  and  write  the  result  in 
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FIG.  1 — Pulses  are  stored  statically  In 
ilip-flops,  dynamically  in  delay  lines 


dition,  both  kinds  of  words  are 
transmitted  to  storage  from  the  in¬ 
put  as  needed,  and  final  answers  or 
desired  partial  results  are  trans¬ 
mitted  to  the  machine  output. 

An  order  must  not  only  tell  the 
central  control  which  numbers  to 
dispatch  to  the  arithmetic  unit 
from  storage,  but  must  also  tell  cen- 
trol  control  which  arithmetic  oper¬ 
ation  is  to  be  performed  and  where 
the  result  is  to  be  sent. 

In  addition  to  the  central  control 
organ,  there  must  be  various  local 
control  stations.  The  arithmetic 
unit  itself,  for  example,  is  prima¬ 
rily  a  traffic  unit  such  that  the  ar- 
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rival  of  two  numbers  causes  the 
transmission  of  a  third  number. 
Whether  this  third  number  is  the 
sum,  difference,  product,  or  quo¬ 
tient  of  the  other  two  depends  upon 
the  dispatching  system  of  the  arith¬ 
metic  unit.  Separate  arithmetic 
units  can  be  built  for  the  four  cases, 
but  it  is  also  feasible  to  make  a 
universal  arithmetic  unit  which  will 
perform  any  one  of  the  four  proc¬ 
esses  upon  request  of  the  central 
control.  Hence  the  central  control 
must  not  only  dispatch  number- 
words  and  orders,  but  must  also  in¬ 
terpret  orders  and  actuate  circuit 
changes. 

Transmission  and  Representation 

A  NUMBER,  say  43712,  can  be 
read  and  transmitted  in  two  funda¬ 
mentally  different  ways.  If  one 
transmission  channel  is  used  for 
each  column,  we  can  simultaneously 
transmit  a  2  along  the  first  channel, 
a  1  along  the  next,  7  along  the  next, 
etc.  This  simultaneous  transmission 
of  the  digits  of  each  position  along 
their  appropriate  channels  is  a 
PARALi^L  operation.  Its  character¬ 
istic  feature  is  that  it  distinguishes 
between  digits  by  a  spatial  relation, 
transmitting  all  digits  at  the  same 
time. 

Conversely,  we  could  transmit  all 
digits  over  a  common  channel,  at 
successive  times,  in  the  order  2,  1, 
7,  3,  4.  The  separate  digits  vrould 
be  distinguished  by  their  time  of 
arrival  on  a  common  line.  This  is 
a  SERIAL  process,  digits  being  dis¬ 
tinguished  by  a  temporal  relation. 

If  ten  pulses,  made  recognizable 
from  each  other  by  modulation,  are 
available,  any  number  can  be  trans¬ 
mitted  either  serially,  over  one  line, 
or  in  parallel,  over  many  lines,  from 
one  organ  to  another.  We  will  con¬ 
sider  only  serial  operation  because 
it  is  more  illustrative  of  traffic 
(switching)  dispatching  problems, 
as  well  as  because  it  is  the  system 
employed  in  the  machines  that  will 
first  be  constructed. 

Orders  to  various  parts  of  the 
machine  must  also  be  capable  of 
transmission,  hence  they  can  be  ex¬ 
pressed  conveniently  as  numbers  in 
some  arbitrary  code.  Thus  num¬ 
bers  and  orders  are  represented  in 
the  same  way,  being  strings  of  dig¬ 
its.  We  know  which  is  which  when 
we  put  them  into  the  machine,  so 


that  if  our  programmer  dispatches 
only  orders  to  central  points  and 
numbers  to  arithmetic  points,  it 
will  not  matter  that  the  machine 
by  itself  cannot  distinguish  orders 
from  numbers.  In -fact,  this  is  a 
convenience,  because  by  consider¬ 
ing  an  order  as  a  number  we  can 
modify  an  order  by  operating  on  it 
with  the  arithmetic  unit. 

Representing  the  ten  digits  by 
pulses  of  different  amplitude  would 
reduce  machine  reliability,  making 
results  depend  upon  tube  constants 
and  supply  voltages.  It  is  better  to 
have  only  two  amplitudes  to  dis- 
tingui^.  If  these  two  amplitudes 
represent  digits  0  and  1,  we  must 
find  a  way  of  representing  numbers 
in  terms  of  these  two  digits.  In 
decimal  notation,  the  number  352 
means 

2  XKF  +  oXlOi-l-SXlO*- 
2  4-  50  4-  300 

Each  successive  digit  position  to 
the  left  represents  the  coefficient  of 
the  next  higher  power  of  10.  We 
therefore  need  digits  only  to  9;  a 
coefficient  of  10  in  any  place  is 
equivalent  to  a  coefficient  of  unity 
in  the  next  place.  If  we  drop  the 
use  of  10  as  our  base,  and  use  2  in¬ 
stead,  we  write  a  number  such  as 
37  in  the  following  binary  manner, 
100101,  meaning 

1X2»4-0X2»4-1X2*4-0X2*4- 
0X2«4-lX2»  =  14-44-  32  =  37 

We  pay  for  the  simplicity  of  hav¬ 
ing  only  two  different  digits  by 
needing  approximately  three  times 
as  many  columns  to  write  a  number 
in  the  binary  system  as  in  the  deci¬ 
mal  system. 

To  represent  0  and  1  and  the  cor¬ 
responding  pulse  trains,  we  choose 
a  basic  pulse  repetition  rate  of  2 
me,  and  synchronize  all  parts  of  the 
machine  so  that  successive  pulses 
(representing  0  or  1)  occur  at 
these  half-microsecond  intervals.  If 
all  trains  of  pulses  are  locked  to 
this  reprate  (repetition  rate),  we 
can  use  the  presence  of  a  pulse  to 
represent  1,  and  the  absence  of  a 
pulse  to  represent  0.  Thus  the  six- 
microsecond  pulse  train  shown 
graphically .  in  Fig.  lA  represents 
the  binary  word  110101100111 
(read  from  right  to  left)  which  has 
the  (decimal)  value  3431.  Voltage 
.  and  tube  parameters  need  only  be 
held  within  the  tolerance  range  to 
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FIG.  2 — Gates  and  buiiers  constitute  the  operating  elements  oi  the  arithmetic  units. 
Germanium  diodes  may  be  used  ior  compactness 


FIG.  3 — Basic  iunctional  components  oi  digital  computer,  ond  their  interrelation 


keep  the  pulses  within  their  am¬ 
plitude  range  of  reliable  operation. 

Now  that  we  have  a  scheme  for 
representing  numbers  as  pulse 
trains,  we  are  ready  to  analyze 
problems  of  storing  numbers. 

Stchuge  —  Typical  machines  op¬ 
erate  with  numbers  of  ten  signifi¬ 
cant  figures  in  the  decimal  system, 
so  will  require  roughly  35  binary 
places.  A  35  binary  place  number 
at  2-mc  reprate  will  be  represented 
by  a  pulse  train  having  a  duration 
of  17.5  microseconds.  It  is  imprac¬ 
tical  to  put  information  into  a  ma¬ 
chine  or  to  print  results  at  such  a 
rate,  over  50,000  words  per  second. 
We  need  a  speed  changer,  or  device 
for  storing  the  many  words  being 
written  into  it  at  one  speed,  and  ca¬ 
pable  of  being  read  at  some  other 
speed,  either  faster  or  slower.  One 
scheme  is  magnetic  recording  of  the 
pulse  trains  on  either  wire  or  tape. 
Magnetic  pulses  cannot  be  packed 
more  closely  than  about  200  per 
inch  if  they  are  not  to  overlap  and 
become  incapable  of  resolution.  The 
reprate  of  reading  and  writing 
magnetically  for  a  given  packing 
is  proportional  to  the  speed  at 
which  the  wire  is  transported. 
Hence  we  can  magnetically  record 
pulse  trains  leisurely  and  run  them 
into  the  machine  rapidly  or  con¬ 
versely,  can  record  fast  signals  on 
a  fast  wire,  and  later  read  the  wire 
at  a  speed  which  an  electric  type¬ 
writer  can  reliably  be  expected  to 
follow. 

Inside  the  machine  we  need  two 
types  of  memory,  one  that  stores  a 
train  of  pulses  statically  and  an¬ 
other  that  stores  the  high  reprate 
trains  of  pulses. 

Static  register  —  The  first  of 
these,  the  static  register,  is  needed, 
among  other  places,  in  the  arith¬ 
metic  unit,  to  set  up  central  volt¬ 
ages  in  accordance  with  the  O’s  and 
I’s  of  a  number.  Basically  a  static 
register  is  a  flip-fiop  such  as  that  of 
Fig.  IB  which  has  two  stable  states. 
High  and  low  plate  voltages  can  be 
taken  to  represent  the  storage  of  a 
1  or  a  0. 

In  a  practical  flip-flop,  grid  ca¬ 
pacitors  are  used  to  speed  transi¬ 
tion  from  one  state  to  the  other. 
Minimum  transition  time  depends 
upon  mutual  conductance  of  the 
tubes.  A  more  rapid  flip-flop  than 
the  one  shown  can  be  made  by  us- 
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ing  such  tubes  as  the  6AK5,  con¬ 
nected  either  as  pentodes  or  triodes. 
Provision  is  also  made  for  setting 
the  flip-flop  in  either  state  by  ap¬ 
plying  a  negative  pulse  to  the  ap¬ 
propriate  tube.  The  diodes  are  iso¬ 
lation  buffers  to  disconnect  the 
pulse  sources  when  pulses  are  not 
being  applied.  This  not  only  re¬ 
duces  loading  on  the  transfer  pulse 
from  one  tube  to  the  other,  but  also 
prevents  this  pulse  from  being 
transmitted  to  other  flip-flops  via 
the  input  circuit. 

Tying  the  two  input  leads  to¬ 
gether  provides  a  binary  counter. 
The  plate-grid  coupling  capac¬ 
itances  provide  enough  memory 
(time  lag)  for  the  flip-flop  to  re¬ 
member  in  whicTi  state  it  was  prior 
to  the  application  of  a  pulse  ap¬ 


plied  to  both  tubes.  As  a  result,  an 
input  pulse  changes  the  state  of 
the  flip-flop  and  provides  a  scale-of- 
two,  or  binary  counter.  Cascaded 
binary  counters  have  many  appli¬ 
cations.  For  binary  counter  pur¬ 
poses,  the  grid  input  arrangements 
can  be  omitted  and  a  positive  pulse 
applied  to  the  common  cathode  lead. 

By  using  35  flip-flops,  one  for 
each  binary  column,  we  can  stati¬ 
cally  store  a  35  place  binary  number. 
Writing  a  number  into  a  register 
consists  of  setting  its  flip-flops  in 
accordance  with  the  succession  of 
O’s  and  I’s  in  the  binary  number. 
Reading  the  register  consists  of 
causing  it  to  generate  the  pulse 
train  corresponding  to  its  array  of 
O’s  and  I’s. 

Feeding  register  —  There  are 
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Table  I — Operation  oi  on  Elementary  Adder 

Terminals  of  Elementary  Adder 


INPUT  A 
INPUT  B 


INPUT  C  (CARRY) 


OUTPUT  0  (DIGIT) 
OUTPUT  C  (CARRY) 


List  of  Binary  Input-Output  Combinations 

In  A .  0  0  0  0  1  1 

InB .  0  0  1  1  0  0 

InC . *.  0  1  0  1  0  1 

OutD .  0  1  1  0  1  0 

OutC .  0  0  0  1  0  1 


Rules  of  Arithmetic 


(1) 


Binary  operations 
A  single  input  1  generates  a  1 
and  no  carry 
(2)  Two  input  I’s  generate  a  carry 
but  no  output 


(3)  Three  input  I's  generate  both 
and  output  6aid  a  carry 


Logical  concepts 

(1)  (A  AND-B)  or  (A  AND  C.)  or  (B  AND 

C)  generates  a  carry 

(2)  kat  h  atC  generates  an  output  digit 

unless  one  of  the  above  AND  com¬ 
binations  occurs,  which  opiates  a 
gate  to  [Hrevent  the  transmisuon  of 
the  digit 

(3)  A  AND  B  AND  C  generates  both 

digit  and  carry 


Functions  of  Elementary  Adder 

Transmit  a  digit  if  A  OR  B  OR  C  and  not  A  AND  B,  A  AND  C,  nor  B  AND  C, 
or  if  A  Al^  B  AND  C 

Generate  a  carry  if  A  AND  B,  A  AND  C,  or  B  AND  C 


these  organs.  In  general,  any  organ 
may  be  called  upon  to  send  signals 
to  any  other.  The  simplest  way  of 
doing  this  is  to  connect  all  tank 
inputs  to  a  common  point  through 
switches  (electronic  gates)  and  to 
connect  the  arithmetic  unit  output 
to  this  point.  Then  opening  the 
proper  gate  will  allow  the  signal  to 
proceed  to  the  chosen  tank,  and  to 
no  other,  Conversely,  if  several 
sources  are  to  be  capable  of  sending 
to  several  receivers,  all  sources  can 
be  connected  in  parallel  to  a  com¬ 
mon  transmission  bus,  and  the  re¬ 
ceivers  connected  to  this  bus 
through  gates.  Then  by  opening  a 
receiver  gate,  and  instructing  the 
proper  source  to  transmit,  the  de¬ 
sired  result  should  follow.  In  prac¬ 
tice,  this  would  not  work,  for  with 
many  sources  in  parallel,  each 
source  would  be  loaded  by  the  paral¬ 
lel  combination  of  the  output  im¬ 
pedances  of  all  the  others.  We  need, 
between  each  source  and  the  com¬ 
mon  bus,  a  buffer  which  allows  only 
one  way  traffic,  so  that  a  signal  can 
come  from  a  source  through  the 
buffer  to  the  bus,  but  the  other 
sources  cannot  load  the  bus.  The 


use  of  a  buffer  between  an  oscil¬ 
lator  and  a  modulated  r-f  amplifier 
is  well  known.  In  our  case  of  pass¬ 
ing  pulses  of  only  one  polarity,  we 
do  not  need '  a  triode  or  pentode 
buffer,  but  can  use  a  diode.  This 
diode  is  normally  biased  with  back 
voltage  so  that  it  presents  a  high 
impedance  to  the  common  bus.  A 
pulse  on  the  bus  increases  the  back 
voltage  on  the  diodes  and  is  pro¬ 
tected.  A  pulse  from  a  source,  how¬ 
ever,  reverses  the  polarity  on  that 
one  diode  and  goes  through  with 
small  loss.  The  advantage  of  such 
buffers  is  that  germanium  diodes 
can  be  used,  greatly  reducing  shunt 
capacitance. 

With  gates  and  buffers  we  can 
perform  circuit  switching,  or  spa¬ 
tial  selection  for  traffic  control.  If 
we  stored  our  1,000  words  in  1,000 
one-word  tanks,  there  would  be  an 
exorbitant  number  of  switches  with 
their  attendant  losses  and  control 
problems.  We  could  compromise  on 
50  tanks  holding  20  words  each.  We 
can  choose  any  one  of  these  50 
tanks  by  spatial  switching  and  any 
one  of  the  20  words  in  a  tank  by 
temporal  selection.  The  temporal 


selection  requires  no  switches 
aside  from  the  timing  gate. 

The  timing  circuit  can  be  oper¬ 
ated  by  dividing  the  master  clock 
rate.  The  2-mc  reprate  drives  a 
counter  which  counts  up  to  35  and 
then  throws  a  flip-flop,  giving  an 
output  which  is  on  for  35  pulses,  or 
one  word  time^  and  off  for  the  next. 
By  feeding  these  rectangular 
waves  of  word  duration  into  a  scale- 
of-20  counter,  we  can  devise  a  cir¬ 
cuit  which  will  give  an  output  (to 
control  a  gate)  for  the  duration  of 
any  desired  one  of  the  twenty 
words.  ,  « 

Arithmetic  Circuits 

To  understand  how  to  combine 
gates  and  buffers  to  make  a  circuit 
that  will  do  arithmetic,  it  is  con¬ 
venient  to  interpret  gates  and  buf¬ 
fers  in  terms  of  their  logical 
behavior. 

A  GATE  is  essentially  a  device 
having  two  inputs  and  one  output. 
Either  input  can  be  considered 
as  the  signal,  and  the  other  as  the 
control.  Obtaining  output  from  a 
gate  is  dependent  upon  stimulating 
both  inputs;  that  is,  it  requires 
stimulation  of  one  input  AND  the 
other  input.  Logically  the  gate  de¬ 
tects  the  AND  concept,  one  thing 
AND  another. 

Buffers,  on  the  other  hand,  that 
feed  two  or  more  signals  to  a  com¬ 
mon  point  give  an  output  signal  if 
any  one  of  the  sources  is  excited; 
that  is,  if  one  OR  another  input  of 
the  row  of  buffers  is  stimulated. 
Hence  two  buffers  connecting  two 
inputs  to  one  output  constitute  the 
logical  concept  of  OR,  one  signal 
OR  another. 

Typical  gate  and  buffer  circuits 
using  tubes  are  shown  in  Fig.  2. 
The  series  gate  of  Fig.  2A  has  both 
grids  normally  biased  beyond  cut¬ 
off  ;  both  must  be  driven  above  cut¬ 
off  to  produce  an  output.  The  paral¬ 
lel  gate  of  Fig.  2B  has  all  tubes 
normally  conducting.  If  the  load 
resistor  is  large  compared  to  the 
conducting  resistance  of  a  single 
tube,  the  common  plate  voltage  will 
remain  low  unless  all  tubes  are  cut 
off  by  signals. 

The  series  and  parallel  buffers  of 
Fig.  2C  and  2D  represent  inverse 
operating  conditions  on  the  cor¬ 
responding  gate  circuits.  The  nor- 
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mal-abnormal  conduction  states  are 
interchanged,  and  the  circuits  are 
stimulated  by  pulses  of  sign  op¬ 
posite  to  those  required  by  the  cor¬ 
responding  gates.  A  signal  on  any 
input  produces  a  change  in  the  out¬ 
put. 

The  diode  circuits  of  Fig.  2  are 
all  parallel  circuits.  Gates,  requir¬ 
ing  the  AND  or  multiple  coinci¬ 
dence,  have  all  their  diodes  nor¬ 
mally  conducting,  while  buffers 
have  all  their  diodes  normally  non¬ 
conducting.  Diodes  are  generally 
of  the  germanium  type. 

Adder  Is  Basic  Element 

To  add  two  digits,  the  basic  op¬ 
eration  of  arithmetic,  we  need  two 
inputs  and  one  output.  If  the  sum 
of  the  two  digits  is  greater  than  9 
in  the  decimal  system,  or  greater 
than  1  in  the  binary  system,  a  carry 
will  be  produced  to  add  in  the  next 
digit  position.  Hence  we  need  three 
inputs,  one  for  each  digit  in  the 
given  position,  plus  one  for  the 
possible  carry  from  the  previous 
position.  We  also  need  two  outputs, 
one  for  the  output  digit,  and  one 
for  the  carry.  Thus  each  digit  posi¬ 
tion  requires  a  device  as  shown  in 
Table  I.  Operating  characteristics 
of  this  elementary  adder  can  be  de¬ 
duced  from  the  laws  of  arithmetic. 
The  desired  outputs  for  the  eight 
possible  input  combinations  of  0 
and  1  on  the  three  inputs  are  listed 
in  the  table. 

There  are  two  types  of  adders: 
parallel  and  serial. 

A  PARALLEL  ADDER  is  made  of  35 
elementary  adders,  one  for  each 
digit  position.  Various  digits  are 
set  up  in  a  static  register,  as  pre¬ 
viously  discussed,  and  the  steady 
register  output  voltages  represent¬ 
ing  O’s  and  I’s  activate  static  ele¬ 
mentary  adders.  The  carry  output 
lead  of  each  place  can  be  perma¬ 
nently  connected  to  the  carry  input 
lead  of  the  next,  requiring  one  type 
of  elementary  adder  to  satisfy  the 
rules  of  arithmetic.  Alternatively 
the  sum  and  carry  digits  can  be 
formed  statically  in  each  place, 
and  the  carrier  transmitted  to  their 
neighboring  adders  an  instant  later. 
Part  of  the  difference  in  the  cir¬ 
cuitry  is  involved  with  the  fact  that 
a  carry  may  generate  a  carry,  as 
in  adding  7774  to  2226.  Propaga¬ 


tion  of  the  carry  down  the  line  can 
be  handled  in  various  ways.^ 

The  serial  adder  uses  a  single 
complicated  elementary  adder  for 
successive  digit  places  in  sequence. 
Pulse  trains  are  not  set  up  in  static 
form,  but  are  fed  in  dynamically, 
the  two  numbers  arriving  simulta¬ 
neously.  If  an  output  1  pulse  is 
generated,  it  is  transmitted  im¬ 
mediately  as  one  digit  of  the  sum. 
If  a  carry  pulse  is  generated,  it  is 
delayed  0.5  iis  and  returned  to  the 
carry  input,  arriving  there  coinci¬ 
dent  with  the  input  digits  of  the 
next  place. 

An  elementary  adder  can  be  made 
of  gates  and  buffers.  Rules  of 
arithmetic  shown  by  the  list  of  in¬ 
put  digit  combinations  are  stated 
in  Table  I.  The  preventing  opera¬ 
tion  in  case  (2)  implies  a  negative 
gate,  or  logical  AND  NOT,  which 
is  easy  to  devise  from  diodes  by 
using  several  bias  levels.  With  this 
terminology,  the  functions  of  an 
elementary  adder  can  be  described 
logically  as  at  the  bottom  of  the 
table.  The  complicated  combina¬ 
tions  of  AND  and  OR  are  straight¬ 
forward  logically  and  electronically, 
but  lead  to  a  practical  circuit  em¬ 
ploying  (in  one  design)  nine  pen¬ 
todes  and  36  diodes !  Some  of  these 
elements  are  incorporated  to  re¬ 
shape  pulses,  and  several  diodes  are 
used  as  limiters  and  d-c  level 
restorers. 

Any  adder  can  be  considered  as 
a  problem  in  traffic  control  where 
the  signals  (numbers)  that  are  put 
in  control  the  transmission  of 
pulses  throughout  the  adder.  This 
local  control  is  one  step  more  com¬ 
plicated  than  the  central  control,  or 
traffic  dispatch  between  organs.  In 
the  central  control  problem,  control 
voltages  set  up  the  paths  to  be 
taken  by  signal  pulses.  In  the  local 
control,  pulse  paths,  and  times 
(clock  beats)  at  which  pulses  occur 
are  set  by  the  signals  themselves, 
so  that  there  is  no  longer  a  clear- 
cut  distinction  between  signal  and 
control  poises. 

Multiplication  is  a  more  com¬ 
plex  problem.  Ordinary  longhand 
multiplication  consists  essentially  of 
adding  the  multiplicand  (574)  as 
many  times  as  the  right-hand  digit 
of  the  multiplier  (31)  shifting 
columns,  adding  on  the  multiplicand 


as  many  times  as  the  next  digit. 

etc.,  as  in  the  example: 

.574 

31  • 

574 

31 

574 

574 

1722 

574 

.574 

17794 

574 

17794 

Because  in  the  binary 

system. 

only  I’s  and  O’s  occur,  we 

have  for 

the  paVtial  products  either  the  mul- 

tiplicand  itself,  or  zero. 

Decimal 

Binary 

23 

10111 

5. 

101 

115 

10111 

00000 

10111 

moon 

This  allows  us  to  use  a  shifting 
register  (previously  described)  to¬ 
gether  with  a  basic  adder,  to  per¬ 
form  multiplication.  We  do  or  do 
not  add  in  the  multiplicand  accord¬ 
ing  to  whether  the  right-hand  digit 
of  the  multiplier  is  1  or  0,  shift  the 
number  in  the  register,  and  repeat. 
Thus  a  basic  arithmetic  unit  con¬ 
sisting  of  registers,  which  can  be 
shifted  when  desired,  gates  and 
buffers,  can  either  add  or  multiply 
according  to  whether  it  gets  a  sim¬ 
ple  signal  to  add,  or  whether  it  gets 
also  a  signal  to  shift  and  repeat. 
Other  modifications  permit  sub¬ 
traction  and  division.  Which  opera¬ 
tion  is  to  be  performed  is  controlled 
by  signals  from  central  control, 
usually  quasi-static  voltages  to  keep 
certain  gates  open  until  the  opera¬ 
tion  is  completed. 

Before  examining  means  for  con¬ 
verting  pulse  trains  representing 
arbitrarily  coded  orders  into  gate 
control  voltages,  let  us  glance  at 
the  overall  organization  of  the  com¬ 
puter. 

The  input  portion  of  the  machine 
sends  all  its  words,  both  numbers 
and  orders,  to  the  high  speed 
memory  storage.  From  storage, 
orders  go  to  the  central  control, 
logically  through  a  decoder,  but  this 
decoder  is  the  main  part  of  the 
central  control  and  so  is  not  usually 
considered  separately.  Central  con¬ 
trol  must  dispatch  operating  in¬ 
structions  to  all  machine  units,  in¬ 
cluding  the  input,  for  it  must  tell 
the  input  when  there  is  room  in  the 
memory  for  more  data  and  orders 
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to  continue  the  problem.  The  gen¬ 
eral  scheme  is  shown  in  Fig.  3.  The 
only  feature  of  the  diagram  that  is 
unnecessary  is  the  transmission  of* 
orders  (not  control  voltages)  to  and 
from  the  arithmetic  unit.  This 
is  a  useful  way  of  pyramiding 
the  hierarchy  of  control  to  achieve 
versatility  of  operation.  Because 
orders  themselves  are  coded  to  ap¬ 
pear  as  numbers,  orders  can  be 
modified  by  performing  arithmetic 
upon  them.  This  feature  simplifies 
programming  the  mathematical 
problem  in  terms  of  dispatching 
orders,  but  need  not  concern  the 
electronic  circuit  designer. 

We  have  mentioned  that  orders 
are  coded  in  numerical  form.  Sup¬ 
pose  for  example  that  eight  differ¬ 
ent  orders  are  desired;  that  is, 
eight  different  lines  are  to  be  ener¬ 
gized.  Any  eight  things  can  be 
represented  in  code  form  by  the 
binary  numbers  0  to  7 ;  that  is,  000, 

001,  010,  on,  100,  101,  no,  in. 

These  are  the  eight  combinations 
of  three  places,  each  having  either 
of  two  values.  Electrically,  we  can 
have  three  wires,  each  of  which 
may  have  voltage  applied.  If 
orders  are  pulse  trains  they  can  be 
converted  to  the  static  three  wire 
combination  by  setting  up  a  static 
register  of  three  flip-flops.  We  then 
have  three  wires,  any  one  or  more 
of  which  may  be  hot,  representing 
eight  different  possibilities,  and  we 
wish  to  excite  any  one  of  eight 
leads  in  accordance  with  these 
choices.  In  general,  we  have  N 
wires  of  two  possible  states  each 
(hot  or  cold)  giving  2'^  combina¬ 
tions,  and  wish  to  excite  only  one  of 
2’'  outputs.  In  practice,  instead  of 
using  N  wires  from  N  flip-flops, 
having  some  hot  and  some  cold,  it  is 
better  to  bring  two  wires  from  each 
flip-flop,  one  from  each  side.  We 
then  have  N  pairs  of  wires,  each  of 
which  has  only  one  side  hot.  All 
input  pairs  are  thus  excited  one 
way  or  the  other,  avoiding  compli¬ 
cations  of  zero-voltage  input  sig¬ 
nals. 

The  simplest  case  of  a  decoder  is 
where  N  =  2,  so  that  there  are  two 
input  pairs  and  four  output  leads. 
The  circuit  of  Fig.  4A  shows  this 
case.  The  horizontal  and  vertical 
lines  are  connected  through  diodes, 
so  that  the  diodes  in  any  column 
form  a  gate,  or  AND  circuit.  If 


upper  and  lower  lines  of  the  top 
pair  are  excited  positively,  output 
from  the  left-hand  lead  is  excited, 
and  so  on  for  the  four  possible 
combinations  of  input. 
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TWO  SETS  OF  FOUR  WIRES  (  32  DIODES) 

(C) 

FIG.  4 — Switching  circuits  use  unidirec¬ 
tional  conductance  of  diodes 


For  larger  decoders,  it  will  be 
convenient  to  indicate  the  presence 
of  a  diode  connection  between  two 
lines  by  a  circle  at  the  crossover. 
There  are  no  direct  connections. 
Figure  4B  shows  a  simple  decoder 
for  four  input  pairs,  yielding  16 
possible  output  excitations.  Com¬ 
binations  of  upper  and  lower  pair 
excitations  that  result  in  excitation 
of  each  of  the  16  lines  are  indicated 
on  the  figure. 

This  direct  check  of  the  possible 
combinations  can  be  called  a  one- 
stage  decoder.  Fewer  diodes  are 
required  if  we  decode  in  two  stages, 
namely,  by  mixing  two  pairs  as  in 
Fig.  4A  to  get  one  line  out  of  four, 
and  doing  the  same  with  the  other 
two  pairs  to  get  one  line  out  of 
another  set  of  four.  We  then  have 
two  sets  of  four  lines  each,  in  which 
only  one  line  of  each  set  is  excited. 
These  two  sets  can  be  fed  into  the 
circuit  of  Fig.  4C.  Thus  in  using 
Fig.  4B,  each  output  line  requires 
a  quadruple  coincidence  for  excita¬ 
tion,  and  64  diodes  are  needed.  By 
using  two  circuits  of  Fig.  4A  ard 
one  of  Fig.  4C,  making  successive 
simple  coincidences,  we  need 
8  -1-  8  +■'32  =  48  decoders,  or  a 
saving  of  25  percent. 

Multistage  decoding  exhibits 
even  greater  savings  as  N  in¬ 
creases.  For  N  =  S,  allowing 
selection  of  any  one  of  256  memory 
tanks  by  virtue  of  the  2’  =  256 
different  gates  that  may  be  opened 
by  an  8-pulse  signal,  a  three-stage 
decoding  requires  only  608  diodes 
as  against  2,048  for  single-stage 
decoding. 

Traffic  Handling  Systems 

Having  seen  how  a  coded  order 
can  be  converted  to  the  selection  of 
a  gate  opening  voltage,  it  is  of  in¬ 
terest  to  consider  briefly  the  gen¬ 
eral  traffic  handling  plan.  The 
mathematician  prepares  his  in¬ 
structions  to  the  machine  in  terms 
of  numerical  data,  coded  orders  to 
select  which  basic  operation  the 
arithmetic  unit  is  to  perform,  for 
sequencing  the  machine  or  for  ex¬ 
pressing  the  routine  to  be  followed. 
In  general  two  kinds  of  words  are 
put  into  the  machine  memory: 
numbers  and  orders. 

Assume  that  the  memory  is  capa¬ 
ble  of  storing  1,000  words  and,  for 
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he  tubes,  for  example,  are  called  This  type  of  checking  lends  itseL 
pon  to  develop  a  pulse  of  usable  to  verifying  correct  transmissior. 
Bvel,  or  not  called  upon  at  all.  of  a  number.  The  excess  count  oi 
Variations  between  tubes,  aging,  a  number  can  be  stored  with  it  ii 
r  tolerances  of  resistors  do  not  the  memory  for  performing  the 

iffect  accuracy,  until  they  become  parallel  arithmetic  check.  It  can 

0  extreme  that  the  signal  falls  out  be  used  as  a  transmission  check  by 

>f  usable  range.  A  ten  to  twenty  taking  the  excess  count  of  a  num- 

>er  cent  variation  of  signal  ber  received  by  the  arithmetic  unit 

trength  has  no  effort  on  a  series  of  and  comparing  it  with  the  receiveci 

>ulses.  Ideally  a  computing  ma-  check  count.  Very  peculiar  trans- 

:hine  works  perfectly  or  not  at  all.  mission  errors  are  required  to  make 

Actually,  as  tubes  deteriorate,  there  the  new  count  of  an  incorrectly 

s  a  threshold  at  which  operation  transmitted  number  agree  with 

nay  be  erratic.  By  setting  a  limit  either  its  original  count  or  an  in- 
ihecking  circuit  for  a  safe  level  correctly  transmitted  count.  This 
nargin,  this  otherwise  possible  type  of  checking  is  based  on  arith- 
)peration  can  be  put  in  the  class  metic. 

vith  complete  breakdown.  Checking  the  address  selection 

Errors  can  occur  due  to  noise  exercised  by  central  control  can  be 
generating  a  false  pulse  at  an  done  by  storing  with  each  word  its 
allowed  pulse  time  when  the  word  address.  When  the  word  and  ac- 
transmitted  has  a  zero  in  that  posi-  companying  address  is  read,  the 
tion.  This  noise  pulse  may  be  in-  read  address  is  checked  against  the 
distinguishable  from  a  proper  called-for  address.  This  checks 
pulse.  Occurrence  of  errors  due  to  both  the  spatial  and  temporal 
such  random  causes  can  be  guarded  phases  of  word  selection  in  the 
against  by  one  of  several  checking  machine. 

schemes.  Electronic  design  of  machines  is 

One  of  the  most  elaborate  check-  fast  progressing  to  the  point  where 
ing  schemes  that  has  been  proposed  they  will  be  more  perfect  than  the 
is  to  check  the  arithmetic  and  the  mathematics  set  up  for  them.  I 
transmission.  The  arithmetic  can  refer  to  such  varied  factors  as 
be  checked  in  a  fashion  similar  to  round-off  error,  inevitably  intro- 
the  ancient  system  of  casting  out  duced  by  working  to  a  fixed  number 
9’s,  where  each  number  is  expressed  of  significant  figures.  If  a  machine 
as  its  excess  over  a  multiple  of  9;  performs  1,000  arithmetic  opera- 
that  is,  it  has  a  value  of  0 — 8.  This  tions  a  second  for  days  on  end, 
is  done  by  adding  sideways.  The  what  relationship  does  the  final 
9’s  excess  of  a  sum  of  numbers  is  answer  have  to  the  original  hypoth- 
equal  to  the  sum  of  their  individual  eses?  Some  mathematical  research 
excesses,  (expressed  as  an  excess  is  being  done  'on  this  point.  A 
if  larger  than  9).  The  9’s  excess  of  more  vital  question  is  the  design  of 
the  product  of  two  numbers  equals  mathematics  suited  for  machines, 
the  (excess  of  the)  product  of  their  Many  procedures  use  machines  for 
excesses.  A  simple  auxiliary  addi-  replacing  human  computers,  using 
tion  or  multiplication  on  the  ex-  numerical  computational  schemes 
cesses  has  often  been  used  for  developed  for  the  human  brain, 
checking  arithmetic.  For  example.  Characteristics  of  an  electronic 
multiplying  371  by  24  gives  8904.  machine  are  different  from  those  of 
The  9’s  excess  of  371  is  found  by  a  human  brain,  and  it  is  reasonable 
adding  the  digits  3-1-7  +  1  =  11,  to  suppose  that  computational  pro- 
1+1  =  2.  Similarly,  the  9’s  cedures  can  be  devised  which,  al- 
excess  of  24  is  6.  The  product  of  though  unsuited  for  hand  comput- 
these  two  excesses  is  12,  having  ing,  are  well  adapted  to  machine 
itself  an  excess  of  3,  which  agrees  routines.  Such  procedures  have 
with  the  excess  of  8904,  8  +  4  =  been  developed  for  a  few  special 
12,  1  +  2  =  3.  A'  corresponding  problems. 

procedure  of  casting  out  (2'’  —  1)  The  writer  thanks  the  Raytheon 
can  be  set  up  for  binary  computa-  Manufacturing  Company  and  the 
tion,  and  a  small  auxiliary  arith-  Eckert-Mauchly  Computer  Corpora- 
metic  unit  operated  simultaneously  tion  for  supplying  some  of  the  cir- 
with  the  main  unit.  cuit  details  shown  in  the  figures. 


simplicity,  that  the  two  kinds  of 
words  are  of  equal  duration,  or 
number  of  pulse  positions.  These 
1,000  words  occupy  definite  posi; 
tions  in  two  dimensional  space-time. 
Hence  we  can  consider  their  posi¬ 
tions  as  pigeonholes  numbered  from 
1  to  1,000  and  call  for  transmission 
of  a  word  to  or  from  any  pigeon¬ 
hole.  The  simplest  way  of  entering 
the  input  data  is  to  take  the  first 
thousand  words  from  a  magnetic 
wire  and  store  them  sequentially  in 
the  thousand  cells.  This  can  be 
done  by  using  a  counter  to  measure 
off  a  word,  and  cause  unity  to  be 
added  to  the  address  to  which  the 
next  word  is  to  be  sent. 

High  speed  reading  of  the 
memory  can  also  be  done  sequen¬ 
tially  by  giving  the  address  1  as  the 
instruction  for  the  cell  to  be  read 
and  by  having  a  built  in  arrange¬ 
ment  for  automatically  adding 
unity  to  the  address  of  the  cell  to 
be  read.  It  will  then  automatically 
read  cell  2  as  soon  as  it  has  finished 
with  cell  1  and  is  ready  to  read 
again. 

A  procedure  that  may  be  more 
flexible  for  repeating  subsequences 
and  setting  up  branch  operations 
(choice  of  next  order  depending 
upon  present  results)  and  also  more 
convenient  in  practical  program¬ 
ming  is  the  four  address  code.  In 
this  system  each  order  is  composed 
of  four  addresses  (or  memory  cell 
locations) :  the  address  of  the  first 
operand  (number  to  be  arithmeti¬ 
cally  operated  upon),  the  address  of 
the  second  operand,  the  code  for  the 
operation  to  be  performed,  and  the 
address  of  the  next  order  to  be  read 
after  completion  of  the  present  in¬ 
structions.  This  system  is  more 
efficient  if  memory  reference  is  slow 
compared  to  other  operations;  that 
is,  if  waiting  time  for  a  word  to 
be  reached  in  the  sequential  read¬ 
ing  of  a  dynamic  memory  is  rela¬ 
tively  large  because  it  allows  the 
essentially  simultaneous  look-up  of 
both  operands. 

A  variation  of  the  four  address 
system  is  the  use  of  a  fifth  address 
in  the  words  on  the  input  wire,  to 
designate  the  cell  into  which  that 
word  is  to  be  stored.  The  fifth 
address  is  automatically  deleted  as 
the  word  is  entered  into  the 
machine. 

In  electronic  digital  computers. 
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_ FP  Capacitor  Assembly - 

For  the  past  ten  years  Mallory  FP  Capacitors  have  set  new  standards  of  dependability. 

Now  new  improvements  make  them  more  reliable  than  ever. 

(i)  New  design  anode  tabs  cannot  bretUt  from 
vibration. 

@  Ample  air  space  retained  for  gas  expansion 
at  elevated  temperatures. 

^  New  staking  method  between  anode  and  tab 
permits  higher  discharge  currents. 

^  Improved  hi^  surge  separator  material  better 
at  high  temperatures. 

Unique  processing  improvements  provide  still 
better  performance  at  85®C.  No  voltage  de¬ 
rating  required  by  Mallory  FP  capacitors  at 
this  temperature.  (Including  the  450V  rating.) 

\  Still  cost  no  more.  Mallory  FP  capaeitors  have  given  exceptional  performance 
Q  at  prices  comparable  to  ordinary  capacitors.  These  new  improve- 

~  ments  have  all  been  accomplished  without  extra  cost  to  the  user. 


Louer  tab  to  terminal  contact  resistance  for 
sensitive  circuits. 

@  Extra  heavy  rubber  seal  for  high  temperature 
and  ripple  conditions  uith  venting  feature 
preserved. 

Heavier  cathode  tcdt  for  better  tab  to  ring  weld, 
lower  resistance  and  more  rugged  mechanical 
construction. 

@  Special  etched  cathode  (all  voltages)  reduces 
loss  of  capacity  under  high  ripple  conditions, 
lowers  RF  impedance  and  remarkably  reduces 
intersection  coupling. 

@  Increased  FP  anode  ratio  of  12  to  1  at  450V 
and  15  to  1  at  150V  provides  better  design 
factors. 


Yours  for  the  asking  ! 

Send  for  the  Mallory  Capacitor 
Catalog,  which  contains  useful 
data  on  all  types  of  Mallory  Ca¬ 
pacitors— siaes,  elerirical  char¬ 
acteristics,  test  measurements, 
mounting  hardware. 


IMLIsUlf  I  CAPACITORS 
(ELECTROLYTIC,  OIL  and  WAX) 
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Mobile  Television  Receivers 


Mobile  Television  Receivers. . . . 

Industricd  Tube  Tester . 

Sensitive  Transducer  . 

Video  Interference . 

Visual  Examination  of  Crystal  Modes. 

Acoustic  Well  funder . 

Power  Converters  for  Television . 

Baseline  for  Visual  Alignment  Systems 


Television  receivers  mounted  on 
three  jeeps  operated  by  an  automo¬ 
bile  club  made  it  possible  for  sev¬ 
eral  additional  thousands  of  people 
to  see  the  telecasts  of  the  national 
political  conventions  from  station 
WCAU-TV,  Philadelphia. 

The  receivers  were  mounted  so 
that  they  faced  the  sidewalk  when 
the  jeep  was  parked  on  the  right- 
hand  side  of  the  street.  Thus  each 
jeep  could  be  parked  along  the 
highway  enabling  spectators  to 
watch  the  television  picture  from 
the  sidewalk  without  producing  a 
traffic  hazard. 

Table  model  television  sets  were 
used,  standard  Philco  model  1001 
receivers  with  10-inch  direct-view 


screens.  As  the  picture  shows,  each 
television  set  was  mounted  on  a  spe¬ 
cial  rack  at  the  right  rear  of  each 
jeep,  and  a  12-foot  aluminum  an¬ 
tenna  v/as  also  mounted  on  the  side 
of  each  jeep.  The  antenna  comes  in 
6-foot  sections,  and  two  sections 
were  used. 

For  driving  along  highways  with 
bridges  or  low-hanging  trees,  the 
top  mast  section  and  dipole  were 
detached  and  strapped  to  the  top  of 
the  jeep.  A  single  half-wave  dipole 
without  a  reflector  was  fastened  to 
the  top  mast  section.  This  was 
connected  to  the  receiver  by  a  70- 
ohm  coaxial  line  to  minimize  igni¬ 
tion  interference  from  passing  auto¬ 
mobiles. 


Such  an  installation  is  useful  for 
observing  television  reception  in 
various  locations.  Measurements  of 
field  strength  may  be  taken  by 
checking  age  voltage  and  multipath 
may  be  observed  by  watching  the 
picture.  ^  The  jeeps  had  standard 
JAN  ignition  suppression  and  in  the 
absence  of  bad  standing  waves  it 
was  possible  to  obtain  a  steady 
picture  when  the  jeep  was  traveling 
at  30  mph. 

Power  for  each  set  was  supplied 
by  three  120-ampere-hour  storage 
batteries  in  the  back  of  each  jeep. 
One  battery  supplied  heater  voltage 
at  14.4  amperes  to  all  tubes.  For 
the  purpose,  the  5V4  damper  tube 
was  replaced  by  a  6W4. 

The  other  two  batteries  supplied 
two  Mallory  VP-555  Vibrapacks 
whose  total  output  was  340  volts  d-c 
at  140  ma.  Cold-cathode  0Z4  recti¬ 
fiers  were  used  and  filament  power 
was  applied  at  least  30  seconds  be¬ 
fore  the  Vibrapacks  were  energized. 

Initially  planned  by  the  staff  of 
WCAU-TV,  the  idea  was  executed 
by  Philco  engineers  under  the  direc¬ 
tion  of  Joseph  Fisher,  project  engi¬ 
neer,  Research  Division,  Philco  Cor¬ 
poration.' One  engineer  from  Philco 
Service  accompanied  each  jeep,  with 
the  regular  uniformed  drivers  of 
the  Keystone  Automobile  Club.  The 
jeeps  are  normally  used  for  emer¬ 
gency  calls  and  are  equipped  with 
mobile  radiotelephone,  and  now 
have  mobile  television. 

Taxi  Tele 

Taxicab  operation  of  a  television 
receiver  is  reported  by  G.  W.  Fyler 
of  Motorola.  The  receiver  used  wa.*^ 
a  Motorola  VT-71  in  which  the  12 
and  25-volt  tubes  were  changed  to 
6-volt  tubes  of  similar  characteris¬ 
tics.  A  Mallory  Vibrapack  was 
added  for  plate  supply^  This  was 
mounted  away  from  the"  receiver  to 
prevent  hum  components  in  the  pic¬ 
ture.  Filters  designed  for  the  tele¬ 
vision  frequencies  to  be  used  were 
also  added. 

Modifications  to  the  receiver  in¬ 
cluded  series-connected  VR  tubes 
for  plate  supply  regulation  and  ad¬ 
justing  the  time  constant  of  the  age 
circuit  to  about  0.01  second.  This 
permitted  fast  circuit  action  in 
standing  waves  but  not  so  fast  as  to 
lose  too  many  low-frequency  com¬ 
ponents,  including  the  vertical  sync 
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IMC  Representatives 

rCORIAS— 101  Haim  Court  ■  MINNEAPOUS3— l20«Harmonnaco 

Authorized  Distributors 

INSULATION  and  WIRES  INCORPORATED 

Si.  Louis  3,  Mo.  o  Atlanta,  Go.  •  Bestan  20,  Matt. 
DotroH2,Mich.  o  Houttan2,Tsx.  •  Now  York 7,N.Y4 

TRI-STATE  SUPPLY  CORPORATIONS 

Lot  Angolot  13,  Col.  o  Son  FraiKitco7,Cal.  •  Soottio  4,  Wash. 
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^  MADE  WITH  BRAIDED  COHON  SLEEVING  BASE 

I  VTA  Grodo  A>1  Magnoto  Grodo  Vamithod  Tubingt 
VTA  Grodo  B-1  Standard  Grodo  Vamithod  Tubingt 
VTA  Grodot  C-1  and  C>2  Hoovily  Cootod  Soturatod  Sloovingt 
VTA  Grodo  C-3  Lightly  Cootod  Soturatod  Sloovingt 
^  Htovy  Wall  Vamithod  Tubingt  and  Soturatod  Sloovingt 

MADE  WITH  BRAIDED  FIBERGLAS  BASE 

VTA  Grodo  A-1  Mognoto  Grodo  Vamithod  Fiborglot  Tubingt 
:  VTA  Grodo  C-1  Extra  Hoovily  Soturatod  Fiborglot  Sloovingt 
VTA  Grodo  C-2  Hoovily  Soturatod  Fiborglot  Sloovingt 
VTA  Grodo  C-3  Lightly  Soturatod  Fiborglot  Sloovingt 
Silicono-Trootod  Fiborglot  Vamithod  Tubingt  and  Sloovingt 


INSULATION 

MANUFACTURERS  CORPORATION 

*CHICAGO  6  •  SOS  W.  Washington  Blvd. 


MILWAUKEE  2 
312  E.  Wisconsin  Avo. 
DETROIT  2 
^IS  Lowronce  Avo. 
>*local  Stocks  Avoilobio 


•CLEVELAND  14 

1231  Superior 

Avo.,  N.  E. 

DAYTON  2 

131 S  Mutual  Home 

Building 


Xight  production  schedules  will  not  he  upset  by  vary¬ 
ing  quality  of  electrical  insulation  if  you  always  specify 
Dieflex.  In  any  grade,  size,  and  color,  every  piece  of  Dieflex 
Varnished  Tubing  or  Sleeving  is  exactly  like  the  next  one. 
Faithful  adherence  to  high  standards  of  quality  have  long 
made  this  product  a  time-  and  money-saver  for  manufacturers. 
Such  features  as  ability  to  be  cut  evenly  and  cleanly,  rapid 
return  to  roundness  after  cutting,  and  excellent  flexibility  make 
Dieflex  Varnished  Tubing  Products  an  important  help  in  cut¬ 
ting  manufacturing  costs. 

Dieflex  Varnished  Tubings  and  Saturated  Sleevings,  of 
finely  braided  cotton  or  inorganic  glass  fiber  base,  are  avail¬ 
able  in  all  VTA  and  ASTM  grades.  Write  for  information, 
or  call  your  local  representative. 


DIEFLEX  PRODUCTS  LIST 


UmVcRSlTY  OF 


pulse.  Adequate  heater  voltage  wi^ 
found  important  to  stabilize  sync 
action. 

To  cover  both  the  high  and  the. 
low  channels,  an  all-band  antenna 
was  .shortened  and  modified  at  the 
center  as  a  compromise  between 
good  performance  at  the  proper 
length  and  ease  of  mobility  of  the 
vehicle. 

Ignition  suppressors  and  special 
generator  filtering  were  found  de¬ 
sirable  but  no  sp^ial  shielding  was 
added  to  the  receiver  circuits.  It 
was  found  to  be  important  to  have 
low  set  and  car  noise  during  mini¬ 
mum  signals  in  the  standing  wave 
pattern. 

The  high-channel  signals  seemed 
to  have  more  standing  waves  and 
ghosts.  In  severe  standing  waves 
the  age  was  able  to  follow  signals  on 
the  low  channels  better  because  the 
standing  waves  occur  about  three 
times  as  far  apart.  Video  and  audio 
signals  seemed  to  have  different 
standing  wave  patterns. 

Signals  from  the  high-band  chan¬ 
nels  were  stable  in  open  flat  coun¬ 
try  but  tend  to  have  somewhat 
deeper  shadows  behind  hills  as  ex¬ 
pected.  Standing  waves  were  found 
to  be  greatest  near  large  metal 
structures  such  as  a  bridge  but  were 
often  perfectly  stable  under  the 
bridge.  Strangely,  slight  ghosts  ap¬ 
peared  in  a  few  areas  in  flat  open 
country  without  overhead  wires  or 
other  objects  that  cause  reflection. 


Industrial  Tube  Tester 

The  efficiency  of  gas  or  mercury- 
filled  industrial  tubes  such  as  thy- 
ratrons  and  phanotrons  is  tested  by 
the  circuit  shown  in  Fig.  1. 

In  most  cases,  gas  or  mercury 
vapor  tubes  are  used  as  high-cur- 
rent,  low-voltage  devices.  For  that 
reason,  this  General  Electric  tube 
tester  is  designed  to  test  the  ability 
of  the  tube  with  high  current  pass¬ 
ing  through  it.  The  passage  of 
current  may  readily  be  seen  by  not¬ 
ing  the  familiar  blue  glow. 

Tube  efficiency  can  be  determined 
by  measuring  the  voltage  drop  from 
anode  to  cathode  when  rated  peak 
anode  current  is  passed.  With  the 
TT-1  tube  tester,  the  rated  peak, 
anode  current  is  carried  by  the  tube 
under  test  for  a  half-cycle  shot  once 


5Y36T 


NEON 


FIG.  1 — Complete  circuit  oi  tube  tester  for  phanotrons  and  thyratrons 
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THOUSANDS  of  FILTRONS — radio  inferierence  filters — are  standard  equip¬ 
ment  on  the  majority  of  the  current  production  of  Aircraft.  Thousands  of 
others  are  in  use  in  vital  equipment  where  radio  interference  must  be 
suppressed. 

Filtron's  experienced  Engineers,  recognized  authorities  in  the  noise- 
suppression  field,  are  available  to  measure  the  RF  interference  caused  by 
your  product,  and  to  specify  a  standard  Filtron  or  design  the  proper  filter 
so  that  Army,  Navy,  Air  Force  or  FCC  interference  specifications  are  met. 

Filtron  will  design  the  RIGHT  filter  for  your  circuit  conditions,  with 
exactly  the  right  attenuation,  ampere  rating,  voltage  drop,  temperature 
rise,  mechanical  arrangement,  and  space  and  weight  limitations. 

Filtron's  production  capacity  and  skill  will  meet  your  delivery  require¬ 
ments. 

All  measurements  are  made  in  our  new  modern  specially-designed 
shielded  Radio  Noise  Suppression  Laboratory,  which  is  equipped  with  the 
most  modern  and  approved  radio  frequency  measuring  instruments. 

"Filtron,"  the  largest  exclusive  manufacturer  of  Radio  Noise  Filters,  offers 
you  both  the  services  of  their  Engineers  and  facilities  to  make  your  product 
"Noise  Free." 

FILTRONS  OFFER  THESE  ADVANTAGES... 

1.  Low  Cost  2.  High  Attenuation  3.  Dependability  4.  Small  Size 
5.  Light  Weight  6.  No  Maintenance  7.  Hermetically  Sealed 

RADIO  NOISE  FILTERS  FOR . . . 

Electric  Motors  Electric  Generators  Electronic  Controls  Electronic 
Equipment  Fluorescent  Lights  Oil  Burners  Signal  Systems 
Business  Machines  Electronic  Heating  Equipment  Electric 
Appliances  Electronic  Signs 


2.5  amp  Filtron  for  50  V.  D.C. 
oporation  tizm  I  *4 "  X  I  '/4  ”  X  ” 


Shioldod  Sphorieal-Soat  Tormina! 
Filtron— dotigned  for  continuous  high 
attonuation  from  J  50  kc  to  wall 
above  200  me 


JOO  amp  Aircraft  Filtron  size  3 Vi 
X  3'/*"  X  2Vj" 


SEND  FOR  CATALOG  AND  ENGINEERING 
MANUAL  No.  FC-20 


Write  for  this  catalog  on  your 
letterhead  —  it  contains  complete 
electrical  and  mechanical  charac¬ 
teristics  of  standard  Filtrons. 


LARGEST  EXCLUSIVE  MANUFAGURER  OF  RADIO  NOISE  FILTERS 
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Detection  oi  Microwaves . 

Plotting  Electron  Paths  . . 

Electronic  Orcuit  Has  Logarithmic  Response 
Survey  oi  New  Techniques . 


Detection  of  Microwaves 


10  watts  is  coupled  to  the  resonator 
the  liquid  is  deflected  about  12 
inches  in  a  second;  equally  rapid 
response  is  obtained  when  the 
power  is  cut  off. 

This  type  of  wattmeter  can  be 
used  with  1.25-cm  and  3.2-cm  trans¬ 
mitters  delivering  either  continu¬ 
ous  or  pulsed  power.  The  action  is 


Absorption  op  microwaves  by 
gases  has  been  studied  to  deter¬ 
mine  such  physical  constants  as 
molecular  dipole  moments.'  In 
these  investigations  thermal  and 
acoustic  effects  have  also  been  ob¬ 
served.*  Using  the  expansion  pro¬ 
duced  in  gases  by  their  absorption 
of  microwave  energy  it  has  been 
possible  to  detect  as  little  as  10 
milliwatts ,  with  relatively  simple 
apparatus.  The  absorption  phe¬ 
nomena  can  also  be  used,  at  low 
gas  pressure,  to  stabilize  the  fr^ 
quency  of  microwave  oscillators  as 
effectively  as  oscillators  of  lower 
frequency  are  stabilized  by  quartz 
crystals.* 


Microwave  Wattmeter 


Figure  1  shows  a  wattmeter.  The 
resonant  gas-tight  metal  cavity  is 
filled  with  a  highly  absorbing  gas 
such  as  ammonia  or  one  of  the 
Freons.  The  cavity  communicates 
with  the  U-tube  in  which  is  a  light 
liquid  that  does  not  react  with  the 
gas.  When  a  transmitter  generating 


FIG.  2 — Gas-iUlad  caTity  it  acoustically 
ratonant  to  modulation,  alactrically  rato- 
nant  to  carriar  fraquancy 


a  consequence  of  the  conversion  by 
resonant  molecular  absorption  of 
the  microwave  energy,  followed  by 
collisions  of  the  excited  molecules 
thereby  converting  their  internal 
energy  into  an  increased  gas  pres¬ 
sure. 

Resonant  Absorber 


The  conversion  of  microwave 
energy  into  gas  pressure  can  be 
used  directly  as  a  detector  of  modu¬ 
lated  microwaves.  If  a  balloon, 
filled  with  an  absorbing  gas,  is 
placed  in  the  throat  of  a  horn  ex¬ 
cited  by  a  microwave  transmitter, 
the  modulation  will  be  heard  for 
some  distance  as  the  gas  in  the 
balloon  expands  and  contracts  in 
proportion  to  the  instantaneous 
energy  of  the  wave.  Such  an  ar- 


FIG.  1 — Wattmeter  utlllies  expansion  oi 
gases  produced  when  they  absorb  micro¬ 
waves 


rangement  constitutes  a  true  unVe- 
les8  receiver. 

The  technique  can  be  used  in  a 
sensitive  detector  having  square- 
law  response.  A  gas-filled  cavity  is 
arranged  that  is  acoustically  res¬ 
onant  at  the  modulation  frequency 
and  electromagnetically  resonant 
at  the  carrier  frequency,  as  shown 
in  Fig.  2.  A  study  of  the  optimum 
wave  configurations  for  excitsCtion 
of  the  cavity  indicated  that  the  mi¬ 
crowave  energy  should  be  confined 
to  only  half  of  the  cavity.  A  cutoff 
guide  can  be  inserted  at  the  mid¬ 
section  to  confine  the  electromag¬ 
netic  waves  without  disturbing  the 
acoustic  waves.  A  Rochelle-salt 
crystal  is  coupled  to  the  aluminum 
disc  that  seals  the  end  of  the  cavity. 
A  conventional  audio  amplifier  and 
vacuum-tube  voltmeter  complete 
the  experimental  equipment.  It  is 
sufficiently  sensitive  to  detect  10 
milliwatts  of  modulated  uhf. 

The  same  technique  could  be  used 
by  a  football  coach  to  communicate 
with  a  quarterback.  The  coach 
would  use  a  highly  directional 
voice-modulated  microwave  trans¬ 
mitter.  The  quarterback  would 
have  a  helmet  equipped  with  a  gas- 
filled  ear  piece. 

(1)  W.  D.  Hershberger,  The  Absorption 
of  Microwaves  by  Gases,  Jour.  Appl. 
Phya.,  p  496,  June  1946  ;  p  814,  Oct  1946. 

( 2 )  W.  D.  Hershberger,  A  T.  Bush, 
and  Q.  W.  Lieck,  Thermal  and  Acoustic 
Effects  Attending  Absorption  of  Micro- 
waves  by  Gases,  RCA  Review,  p  422. 
Sept.  1946,  on  which  the  foregoing  article 
is  ))&S6d 

(3)  W.  D.  Hershberger  and  L.  E.  Nor¬ 
ton,  Frequency  Stabilization  with  Micro- 
wave  Spectral  Lines,  RCA  Review,  p  38, 
March  1948. 


Plotting  Electron  Paths 

By  Paul  J.  Selgin 

Ordnance  Development  Division 
National  Bureau  of  Standards 
Washington,  D.  C. 

Trajectory  of  an  electron  is  fre¬ 
quently  determined  graphically. 
The  method  described  here  uses  a 
universal  set  of  curves  developed 
on  the  assumption  that  the  electron 
trajectory  between  equipotentials 
is  an  arc  of  a  parabola.  The  curves 
are  used  in  conjunction  with  a  map 
of  the  electric  field  in  which  the 
electron  moves,  and  requires  knowl¬ 
edge  of  the  initial  position  and  ve¬ 
locity  of  the  electron  in  that  field. 

Development  of  Method 
While  the  greatest  difficulty  in 
most  engineering  problems  lies  in 
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BEAT 

FREQUENCY 

GENERATOR 

TYPE  140-A 


STABILITY:  About  5  cyclo*  drift  bolew  1000  cyclos.  On  low  rang*, 
drift  bocomos  nogligibfo  porcontogo  with  incrooting  froguoncy. 
On  high  rang*,  drift  ic  3%  or  lots. 

ADJUSTMENT:  High  and  low  rongot  hovo  individual  xoro  boot 
ad|ustmonlt.  Low  rang#  may  bo  chockod  against  powor  lino 
froguoncy  with  front  panol  1  inch  cathodo  ray  tubo. 

OUTPUT  POWER  AND  IMPEDANCES:  Rotod  powor  output:  Ono  watt, 
availablo  ovor  tho  lew  froguoncy  range  from  output  impodancot 
of  20,  50,  200,  500,  1000  ohms,  and  ovor  both  high  and  low 
froguoncy  ranges  from  on  output  impedance  of  1000  ohms. 

DISTORTION:  5%  or  lost  at  1  watt  output,  2%  or  loss  for  veltago 
output. 

VOLTMETER  ACCURACY:  +3%  of  full  scale  reading. 


This  instrument  has  found  universal  acceptance  because 
of  its  wide  frequency  coverage  from  20  cycles  to  5  mega* 
cycles.  A  five  step  decade  attenuator  provides  a  means 
by  which  extremely  small  output  voltages  can  be  accu¬ 
rately  set  and  a  six  position  switch  enables  any  one  of 
a  variety  of  output  impedances  to  be  quickly  selected. 

SPECIFICATIONS: 

FREQUENCY  RANGE:  20  cyclos  to  5  mogocyclos  in  two  rongos. 

Low  rango:  20  to  30,000  cyclos. 

High  rongo:  30  kc  to  5  mogocyclos. 

FREQUENCY  CALIBRATION:  Accuracy  +2  cyclos  up  to  100  cyclos. 
+2%  abovo  100  cyclos. 


For  furthor  details  write  for  Catalog  E 


QX-CHECKER  type  jjo-a 


This  production-test  instrument  is  spociflcolly  designed  to  compare 
relative  losses  or  Q  simultaneously  with  inductance  or  capacitance  in 
one  operation  and  with  a  single  setting.  Built  to  laboratory  precision 
standards,  the  QX-Checker  is  a  sturdy,  foolproof  instrument  for  use  in 
production  work  by  any  usual  factory  personnel. 

SPEaFICATIONS: 

FREQUENCY  RANGE;  100  kc  to  2S  me  in  6  ranges  using  plug-in  ceils. 
ACCURACY  OF  COIL  CHECKS:  May  be  checked  against  standard  ta  within 
abaut  0.2%  with  coil  values  of  10  microhenries  ta  10  milliherwies  and 
Q  of  100  or  greater. 

CAFAOTANCE  RANGE:  Capacitance  values  ranging  between  appreximotaly 
2-1000  mmf  may  be  choked  against  e  standard  ta  an  accuracy  of  a  few 
tenths  of  one  mmf  if  the  Q  of  the  capacitor  is  high. 


BOONTO 


ADIO 


THE  -O'  METER  . . .  OX.CHKKER 
FREOUENCV  modulated  MCNAl  GENERATOR 
SEAT  FREOUENCV  GENERATOR 
AND  OTHER  DIRECT  READINC  HST  INSTRUMENTS 
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trajectory  through  this 


region. 

Then  another  short  span  is  simi¬ 
larly  treated,  and  so  on.  To  make  it 
practicable  to  repeat  the  process, 
a  simple  graphical  method  is  de¬ 
veloped. 

Universal  Curves 


veuxaTY/ 
AT  U-Vo' 
ELECTRON 
PATH 


To  systematize  the  construction, 
an  analytical  expression  for  the  mo¬ 
tion  of  an  electron  is  obtained  and 
a  universal  plot  is  made  from  which 
individual  problems  can  be  solved 
by  projection. 


VEUXfTY 
AT  U-U, 


ANGLES  *  AND  9,  GIVE  THE  POSITION  AND 
VELOCITY  OF  THE  ELECTRON  AS  IT  CROSSES 
THE  EOUIPOTENTIAL  U, 


FIG.  1 — Notation  for  genoral  problom 


reducing  the  problem  to  a  math¬ 
ematical  statement,  in  the  study  of 
electron  paths  the  equations  of  mo¬ 
tion,  though  readily  obtained,  are 
difficult  to  solve.  In  most  design 
problems  the  electron  does  not 
reach  relativistic  velocities,  so  that 
its  mass  can  be  considered  constant. 

Usually  there  is  negligible  mag¬ 
netic  field,  and,  for  beams  of  low 
density,  the  region  is  also  free  of 
electrostatic  charges.  Although  this 
latter  assumption  will  introduce  an 
error,  the  error  is  slight  and  can  be 
taken  into  account  geometrically.^  Due  to  the  initial  assumptions, 
These  simplifications  lead  to  the  Eq.  1  becomes 
equation  of  motion 

(d/dl)  V  =«•  (e/w>)Krad  (1) 

where  F  is  a  vector  representing 
the  electron’s  velocity,  17  is  a  vector 
representing  field  potential,  whose 
value  in  a  charge-free  region  can  be 
obtained  by  calculation  or  by  an  ex¬ 
perimental  technique  such  as  the 
electrolytic  tank’;  m  represents  the 
mass,  and  e  the  charge  of  an  elec¬ 
tron.  Because  the  values  are  ex¬ 
pressed  in  MKS  units,  there  are  no 
numerical  constants. 

Equation  1  cannot  readily  be  in¬ 
tegrated  because  of  the  difficulty  of 
expressing  U  in  analytical  form  for 
usual  configurations.  On  the  other 
hand,  because  U  is  usually  available 
in  the  form  of  equipotential  con¬ 
tours,  the  partial  derivatives  of  V 
along  Cartesian  coordinates  X,  Y, 
and  Z  can  be  determined,  and  can 
be  considered  constant  within  a 
small  region  of  the  field. 

The  basis  of  this  graphical 
method  is  to  assume  that  the  po¬ 
tential  gradient  is  constant  between 
equipotentials,  and  to  compute  the 


FIG.  2 — Chart  of  uniTeraal  eciuation 


having  taken  the  X  axis  perpen¬ 
dicular  to  the  equipotential  contour 
U„  at  the  point  where  the  electron 
intersects  it  (the  origin  for  this 
particular  phase  of  the  solution), 
Ax  is  the  acceleration  in  the  X  di¬ 
rection,  Uo  is  the  potential  contour 
at  which  the  velocity  of  the  electron 
is  given,  and  Ui  is  the  contour  at 
which  it  is  to  be  found;  X,  is  the 
distance  between  contours  (Fig.  1). 

With  the  above  orientation  of  co¬ 
ordinates,  there  is  no  acceleration 
in  the  Y  direction.  For  fields  of 
usual  symmetry,  there  will  be  no 
acceleration  in  the  Z  direction,  and 
it  will  be  assumed  that  there  is  no 
initial  component  of  velocity  in  the 
Z  direction.  Integrating  Eq.  2  gives 


in  which  Vi«  and  Vro  are  the  given 
initial  components  of  velocity.  In¬ 
tegrating  Eq.  ’3  gives  the  coordi¬ 
nates  of  position  of  the  electron 


^  V  «  I  -f" 


1  e  Ui-  Uo 


Xx 


r-  (4) 


At  time  t,  the  electron  crosses  con¬ 
tour  Ut  at  position  X,,  F,.  From 
the  above  equations  it  is  seen  that, 
under  the  assumed  conditions,  the 
trajectory  between  contours  is  a 
segment  of  a  parabola. 

Because  the  time  of  flight  is  usu¬ 
ally  not  of  interest,  it  need  not  be 
found.  The  magnitude  of  the  final 
velocity  can  be  determined  from 

V'  -  2  (e/m)  U  (5) 

in  which  U  is  the  total  potential 
difference  through  which  the  elec¬ 
tron  has  fallen.  From  the  geometry 
of  the  problem  as  shown  in  Fig.  1 


tan  <t> 
tan 
tan  00 


(fi) 


V’,  =•  Vvcl 
(Yx/Xx) 

(Vrx/Vxx) 
iVr,/Vxo) 

where  </>  determines  the  point  where 
the  electron  intersects  U,,  dx  indi¬ 
cates  the  path  of  intersection,  and 
6a  is  the  angle  of  intersection  of  f7«. 
Using  these  relations,  the  pairs  of 
parametric  equations  (Eq.  4)  can 
be  reduced  to 


cot  <l>  =  0-  5  trot  00  +  cot  0i)  (7) 

cot  0,  =  ±  (  (  7  «/  7^)  (1  +  cot*0„)  -  1 

Only  the  second  of  these  relations 
need  be  considered,  and  only  the 
positive  sign  need  be  chosen  for  it. 
The  negative  value  would  apply  if 
the  electron  described  the  entire 
parabola,  cutting  the  equipotentials. 

Although  the  position  of  the  elec¬ 
tron  at  equipotential  U,  could  be 
obtained  from  Eq.  4  or  7,  and  the 
process  repeated  at  the  next  con¬ 
tour,  the  trajectory  can  be  obtained 
more  conveniently  by  constructing 
a  universal  family  of  curves  from 
the  second  of  Eq.  7.  The  curves  are 
hyperbolas  symmetrical  about  the 
axes,  but  not  with  common  foci. 
Mutually  reciprocal  values  of  Ux/Uo 
are  associated  with  curves  sym¬ 
metrical  about  the  x  =  y  line.  The 
chart  is  thus  as  shown  in  Fig.  2, 
but  only  one  half  of  it  need  be  con¬ 
structed  for  actual  use. 


Graphical  Construction 


To  plot  the  path  of  an  electron,  a 
sheet  on  which  the  universal  curves 
are  plotted  is  placed  on  a  map  of 
the  potential  field  as  shown  in  Fig. 
3.  The  lower  edge  of  the  chart  is 

(continued  on  p  162) 
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HE  GLASS  INSULAT 


ITS  HASS... 


that  gives  extra  performance 


YITROTEX 


*  MAGNET 
VYIRE 


Anaconda  vitrotex  magnet  wire  withstands 
temperatures  up  to  130°  C.,  is  highly  flexible 
and  has  a  remarkable  space  factor.  All  this  is 
made  possible  by  insulation  of  alkali-free  glass 
—the  ideal  insulating  material  that  is  soft  as  silk 
and  is  comparable  to  steel  in  tensile  strength. 


k 


i 


III 


MAGNET  WIRE 


Besides,  Vitrotex  offers  high  dielectric  strength 
and  a  smooth  surface  that  is  resistant  to  mois¬ 
ture,  acids,  oils  and  corrosive  vapors.  For  tight¬ 
er,  safer  coils,  to  operate  in  confined  spaces 
under  high  heat,  make  windings  of  Vitrotex. 
For  details  on  the  complete  line  of  Anaconda 
Magnet  Wire,  write  to  Anaconda  Wire  and 
Cable  Company,  25  Broadway,  New  York  4, 

New  York.  40441 

•Res.  U.S.Pat.  Off. 
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tions  in  these  materials.  Using  ul¬ 
trasonic,  frequencies,  the  device  op¬ 
erates  on  the  basis  of  thickness 
vibrations,  and  gives  a  cathode-ray 
presentation  of  its  findings. 


NEW  PRODUCTS 


Edited  by  A.  A.  McKENZIE 


New  equipment,  components,  tubes,  testing  appa¬ 
ratus  and  products  closely  allied  to  the  electronics 
field.  A  review  of  catalogs,  handbooks,  technical 
bulletins  and  other  manufacturers^  literature 


Geiger  Tubes 

Nuclear  Development  Lab.,  Box 
7601,  Kansas  City,  Missouri.  Thin- 


50fi»Mc  Tube 

Raytheon  Mpg.  Co.,  Newton,  Mass. 
Type  CK5703  (formerly  CK608CX) 
has  a  mutual  conductance  of  5,000 
micromhos  and  amplification  fac- 


window,  thin-wall,  and  all-metal 
cosmic  ray  counters  illustrated  are 
completely  described  in  Bulletin  10. 


Diversity  Reception 

Decimeter,  Inc.,  1428  Market  St., 
Denver  2,  Colorado.  The  DM-430 
Diverse  Adaptor  selects  the  better 


tor  of  25.  It  has  a  3-watt  plate 
dissipation  and  can  be  made  to  pro¬ 
duce  about  a  watt  of  output  power 
at  500  megacycles. 


inch.  The  instrument  is  self-con¬ 
tained  and  uses  a  5-in.  cathode  ray 
tube. 


Old-New  Record  Turntable 

Alliance  Mfg.  Co.,  Alliance,  Ohio. 
A  new  dual-speed  turntable  oper¬ 
ating  at  either  33.3  or  78  rpm  is  a 


Ultrasonic  Thickness  Gage 

Photocon  Research  Products, 
1062  North  Allen  Ave.,  Pasadena  7, 
Calif.  The  Metroscope  measures 
wall  thickness  of  metal,  plastic,  and 
glass  parts  from  one  surface  and 
will  also  detect  flaws  or  imperfec- 


of  two  antennas  for  receiving  the 
desired  signal  on  as  little  as  0.05 
volt  of  avc.  It  operates  on  200  to 
300  volts  at  15  ma  and  filament  sup¬ 
ply  of  6.3  volts  a-c  at  1.5  amperes. 


modification  of  the  model  80,  con¬ 
taining  two  motors  instead  of  one. 
Only  one  motor  is  used  at  a  time, 


Oscillosynchroscope 

Browning  Laboratories,  Inc.,  742 
Main  St.,  Winchester,  Mass.  Model 
OL-15B  Oscillosynchroscope  in¬ 
cludes  a  vertical  amplifier  band¬ 
width  of  6  me,  recurrent  sweeps  of 
5  to  500,000  per  second  and  driven 
sweep  rates  of  0.25  microseconds 
per  inch  to  200  microseconds  per 


Ceramic  Microphones 
Astatic  Corp.,  Conneaut,  Ohio.  Two 
new  microphones  using  ceramic 
elements  are  now  available.  Chief 
feature  of  the  unit  illustrated  is  its 
independence  of  high  ambient 
temperatures.  Its  response  is  essen¬ 
tially  flat  from  30  to  10,000  cycles. 
Output  level  is  minus  62  db.  Recom- 


September,  1 94<  — ELECTRONICS 


FLAME-OTR.OL 


Wh0*lco  uses  a  RAYTHEON  CK-5608  Tube 
because  of  its  rmlkAility  and  sfabifrty— the 
result  of: 

1.  Proven  design  and  precise  manufacturing  con¬ 
trol,  backed  by  the  experiertce  of  25  years  of  con¬ 
tinuous  production  involving  $125,000,000.00  worth 
of  special  purpose  tubes. 

2.  Unsurpassed  engineering  knowledge  and  ability 
in  the  development  and  manufacture  of  tubes  especi¬ 
ally  to  meet  long  life,  industrial  application^  -  ‘ 


Says  the  chief  engineer  of  Wheelco 
Instruments  Company,  “We  use  this 
special  Raytheon  tube  to  be  sure  of  uni¬ 
form  characteristics,  long  life  and  greater 
stability  throughout  its  operating  life.” 

The  Wheelco  Flame-Otrol  guards  life  and 
property  against  the  danger  of  explosion 
of  any  gas  or  oil  hred  furnace  or  indus¬ 
trial  heating  equipment.  It  does  it 
ingeniously  and  positively  by  utilizing 
the  electrical  conductivity  of  a  gas 
flame  or  spectral  response  of  an  oil 
flame  translating  resistivity  change 
or  response  of  sensing  element,  due 
to  flame  failure,  through  the  use  of  a 
single  Raytheon  CK-5608  Tube,  into 
change  of  current  sufficient  to  operate  a 
relay  which  acts  to  close  the  fuel  valves. 
Action,  being  electronic,  is  instanta¬ 
neous  and  sure. 

Write  for  Detailed  Information  on 
RAYTHEON  Special  Purpose 
and  Subminiature  Tubes 


RAYTHEON  MANUFACTURING  COMPANY 

SPECIAL  TUBS  SECTION  SxceifeHcm  « 

Newton  S8,  Mattochutotts 

RAIXO  RKEIVING  TUKS  '  SUSMINIATUU  TUKS  •  SPECIAl  PURPOSE  TUKS  •  MICSOWAVE  TUU$ 


Sxceifsnce 
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ords  has  a  1-ounce  stylus  pressure.  The  unit  has  a  built-in  recording 
Designated  No.  UPA-002,  the  unit  clock  and.  uses  the  Higginbotham 
is  a  companion  to  the  professional  scaling  circuit, 
transcription  arm  (illustrated) 
type*FA-21-A  with  stylus  pressure 
adjustable  by  means  of  a  calibrated 
scale. 


Ceramic  Pickup 

Astatic  Corp.,  Conneaut,  Ohio. 

Model  QC  pickup  cartridge  with 


Alignment  Generator 

Philco  Corp.,  Philadelphia,  Pa., 
introduces  a  portable  visual  align¬ 
ment  generator,  model  7008,  for 


mended  load  .impedance  is  5 
megohms. 


Two-Speed  Changer 

Magnavox  Co.,  Fort  Wayne  4,  Indi¬ 
ana.  A  new  two-speed  record 
changer  that  makes  it  possible  to 
play  the  new  lonlr-plsying  records 
at  33.S  rpm  will  also  play  conven¬ 
tional  dkcs  at  78  rpm.  Pickup 
weight  is  5  grams. 


ceramic  element  has  great  physical 
ruggedness.  It  has  a  frequency 
range  of  50  to  10,000  cycles  and 
needle  pressure  of  one  ounce. 


New  Converters 

Radio  Corp.  of  America,  Harrison, 
N.  J.  Types  6BA7  and  12BA7  high- 
gain  pentagrid  converters  are  iden¬ 
tical  except  for  heater  ratings. 
They  have  a  conversion  transcon¬ 
ductance  of  90  micromhos  with  250 
volts  on  the  plate.  The  short  inter- 


F-M  Monitor  ^ 

I)iK)l.nTLE  Radio,  Inc.,  7421  S.  U'o-  television  and  f-m  receivers,  and 
mis  Blvd.,  Chicago  36,  111.  The  FD-  for  research  and  engineering  work 
12  f-m  frequency  and  modulation  in  frequencies  from  3.2  to  250  me. 
monitor  handles  up  to  four  frequen-  Price  is  $395. 
cies  anywhere  between  25  me  and 
170  me  and  has  an  accuracy  of 

Two-Jaw  Clip 
Mueller  Electric  Co., 

The 

new  no.  22  clip  has  jaws  at  both 
ends.  Either  or  may  be 
opened  by  properly  pres- 

The  two  long 

and  has  screw  connection.  Free 
^  samples  are  available. 

0.0015  percent.  A  500-ohm  output  is 
provided  for  audio  monitoring. 

Power  consumption  is  80  watts.  Lab  Counter  Set 


El-Tronics,  Inc.,  Philadelphia,  Pa.  nal  leads  are  so  designed  for  serv- 
Model  LS64  laboratory  counter  set  ice  in  f-m  broadcasting.  A  brochure 
is  a  complete  instrument  for  use  is  available, 
with  Geiger  counter  tubes  in 
measurii^  radiation  intensities. 

UHF  Signal  Generator 

Boonton  Radio  Corp.,  Boonton, 
N.  Type  218  gener- 

ator  a  portable  signal  source 
receiver  measurements  the  band 
from  400  to  1,000  megacycles.  Max- 
imum  power  output  is  1  milliwatt 

((Continued  on  p  112) 


Tone  Arm 

General  Electric  Co.,  Syracuse, 
N.  Y.  A  new  tone  arm  equipped 
with  a  variable  reluctance  cartridge 
for  playback  of  10  and  12-inch  rec- 
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first  AUDIODISC  was  manufixtured . . .  imMiidactufad 
by  a  pc^j^ted  precision-machine  process,  which  produced  the  finest  recorcRng 
disc  known. 

During  this  decade  AUDIODISCS  have  been  rated  first  in  every  field  of 
sound  recording  .  .  .  radio  broadcasting,  commercial  recording  studios, 
the  phonograph  record  industry,  motion  picture  sturfios,  educational  mstitu- 
tions,  home  recording,  research  laboratories  and  govemmentol  agencies. 

In  every  country  throughout  the  world,  AUDIODIS^  ore  regorded  as  the 
true  standard  of  recording  quality. 

At  first  the  output  of  AUDIODISCS  was  measured  in  twis  of  thousands, 
then  in  hundreds  of  thousands  and  later  in  millions  per  year.  Today  this 
highest  rate  of  production  is  being  maintained  and  the  quality  is  the  fin^  yet 
achieved. 

AUDIO  DEVICES^  INC.»  444  Hedleew  Ave— e,  Weer  Yetli  12,  N.Y. 

Export  Depsrtinent:  Rocke  lotemstiofud  Corp.,  13  E.  40th  Street,  New  York  16,  N.  Y. 


Audiodisct  ere  mMujiietured  in  tbt  US^  tmdtr  exclusht  litemte  from  FYRAL,  F4trh 


CLitCilCTCLiSCS 


ELECTRONICS  — September,  1949 


131 


NEWS  OF  THE  INDUSTRY 

Edited  by  JOHN  MARKUS 

Rural  industrial  radio;  URSI-IRE  meeting; 
tv  reallocation;  Army  tests  transistors; 
utilities  radio  group;  IRE-RMA  Fall  meeting 
• 

Stratovision  Demonstration 


StrotOTision'i  flying  telsTiaion  station  OTor  outskirts  of  Pittsburgh 


Rural  and  Small  town  television 
coverage  is  now  in  the  offing  by 
means  of  Stratovision,  whereas 
service  in  such  areas  could  not 
otherwise  be  expected  for  years. 
A  recent  experiment  in  which  some 
40  reporters  were  flown  to  Zanes¬ 
ville,  Ohio,  was  not  too  successful 
due  to  weather  conditions,  but  a 
solution  for  the  problem  has  been 
promised. 

The*  principal  purpose  of  the  re- 
cei'it  experiment  conducted  by  West- 
inghouse  and  Glenn  H.  Martin  Co. 
was  to  show  the  FCC  why  the  spon¬ 
sor  should  get  channel  8  in  Pitts¬ 
burgh  for  regular  ground  service 
and  Stratovision  and  why  no  other 
channel  8  station  should  be  per¬ 
mitted  within  200  miles  of  the  city. 

Immediate  plans  called  for  mak¬ 
ing  KDKA-TV  the  conventional 
ground  station  operating  several 
hours  daily.  It  would  then  go  off  the 
air  and  would  relay  its  programs  by 
microwave  to  the  plane,  which 
would  spray  the  channel  8  signal 
over  a  200  to  250  mile  radius. 


Electronic  equipment  aboard  the 
plane  consists  of  a  5-kw  video  trans¬ 
mitter,  the  size  of  an  ice-box;  a  1- 
kw  audio  transmitter,  intended  to 
be  placed  in  the  same  rack  with  the 
video;  a  transmitting  mast  25  feet 
long,  with  2  bays,  lowering  from  the 
bomb-bay ;  and  a  receiving*  mast  8 
feet  long  projecting  from  the  tail 
fin. 

The  system  when  perfected  would 
use  four  planes  at  each  station.  Two 
would  alternate  in  the  air,  four 
hours  at  a  time,  while  two  were  be¬ 
ing  serviced  on  the  ground. 


Highlights  of  RMA 
Convention 

Anticipated  military  require¬ 
ments  of  a  billion  dollars  annually 
for  radio  and  electronics  equipment 
recently  prompted  the  RMA  board 
of  directors,  led  by  president  Max 
F.  Balcom,  to  appoint  an  eight-man 
industry  mobilization  policy  com- 
mitte.  The  committee,  appointed  at 


the  RMA’s  24th  annual  convention 
in  Chicagd,  consists  of  Fred  R.  Lack 
of  Western  Electric  Co.  as  chair¬ 
man,  Paul  V.  Galvin  of  Motorola 
Inc.,  vice-chairman,  Frank  M.  Fol¬ 
som  of  RCA  Victor,  Harry  A.  Ehle 
of  International  Resistance  Co., 
George  R.  Haase  of  Operadio  Mfg. 
Co.,  H.  L.  Hpffman  of  Hoffman 
Radio  Corp.,  W.  A.  MacDonald  of 
Hazeltine  Electronics  Corp.,  -and 
R.  C.  Sprague  of  Sprague  Electric 
Co. 

Objectives  of  the  committee  are 
to  persuade  government  officials  to 
establish  a  four-man  committee  to 
centralize  and  coordinate  procure¬ 
ment  of  equipment  and  components, 
and  to  seek  means  of  expediting 
production  of  military  equipment 
through  spreading  work  among  all 
segments  of  the  radio  industry. 

Other  accomplishments  of  the 
convention  were  the  reelection  of 
Max  F.  Balcom  as  president  of 
RMA  for  his  second  term,  election 
of  three  new  division  chairmen  and 
three  new  directors,  re-election  of 
12  directors  and  two  division  chair¬ 
men,  and  the  admission  of  13  manu- 
factui^ers  as  new  members. 


New  division  chairmen  are :  Set  Divi¬ 
sion — George  M.  Gardner,  president  of 
Welis-Gardner  &  Co.,  Chicago ;  RMA 
Parts  Division — A.  D.  Plamondon,  Jr., 
president  of  the  Indiana  Steel  Products 
Co.,  of  Chicago ;  Transmitter  Division — 
T.  A.  Smith  of  RCA  Victor  Division,  Cam¬ 
den,  N.  J. ;  Tube  Division — R.  K.  Carlson 
of  Newark,  N.  J. :  Amplifier  &  Sound 
Equipment  Division — Fred  D.  Wilson  of 
Operadio  Manufacturing  Co.,  St.  Charles, 
Ill. 

New  directors  are:  Allen  B.  DuMont, 
president  of  Allen  B.  DuMont  Laborato¬ 
ries,  Inc.,  Passaic,  N.  J. ;  John  W.  Craig 
general  manager  of  the  Crosley  Division 
of  Avco  Manufacturing  Corp.,  Cincinnati, 
Ohio ;  and  Herbert  W.  Clough,  vice-presi¬ 
dent  of  Belden  Manufacturing  Co.,  Chi¬ 
cago. 

The  twelve  directors  who  were  reelected 
are:  Benjamin  Abrams,  Max  F.  Balcom, 
W.  J.  Barkley,  H.  C.  Bonfig,  G.  Richard 
Fryllng,  Samuel  Insull,  Jr.,  J.  J.  Kahn, 
F.  R.  Lack,  W.  A.  MacDonald,  A.  D. 
Plamondon,  Jr.,  Allen  Shoup  and  G.  W. 
Thompson.  Retiring  directors  are  past 
president  R.  C.  Cosgrove,  Lloyd  A.  Ham- 
marlund  and  Monte  Cohen. 

Leslie  F.  Muter  of  Chicago  was  relected 
RMA  treasurer  for  his  fourteenth  year. 
Dr.  W.  R.  G.  Baker  of  Syracuse,  New 
York,  was  reelected  director  of  the  RMA 
Engineering  Department.  Bond  Geddes 
was  reelected  executive  vice-president. 

Following  are  the  13  new  members 
elected :  Aircraft-Marine  Products,  Ina, 
Harrisburg,  Pa. ;  Barnes  Metal  Products 
Company,  Chicago  23,  Ill. ;  David  Bogen 
Co.,  Inc.,  New  York  12,  N.  Y. ;  Consoli¬ 
dated  Television  Corp.,  New  York  1,  N.  Y. : 
Drake  Manufacturing  Company,  Chicago 
22,  Ill. ;  EHectronlc  Tube  Corporation, 
Philadelphia  18,  Pa. ;  General  Precision 
Equipment  Corp.,  New  York  7,  N.  Y. : 
Perfection  Electric  Co.,  Chicago  5,  Ill. : 
Radio  Specialty  Mfg.  Co.,  Portland  14, 
Ore. :  Shure  Brothers,  Incorporated,  Chi¬ 
cago  10,  Ill. :  Rowe  Industries,  Toledo  9, 
Ohio;  Wirt  Company,  Philadelphia  44, 
Pa. :  W.  M.  C.  Inc.,  Chicago  47,  Ill. 

Following  action  by  the  RMA  Set 
Divisipn  and  upon  recommendation 
of  retiring  chairman  Paul  Galvin, 
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FULL  DETAILS  ON  REQUEST 


UHF  Precision  Instruments 


-;-V;  . 


RADIO  ENGINEERS  AND  MANUFACTURERS 

MORGANVILLE,  N.  J. 


Specialists  in  the  Development  and  Manufacture  of  UHF  Equipment 
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MEETINGS 


ond  Annual  Convention,  Sher¬ 
aton  Hotel,  Chicago. 

Oct.  12-16:  Fifth  National 
Chemical  Exposition,  Coli¬ 
seum,  Chicago,  Ill. 

Oct.  23-29:  Annual  convention, 
American  Society  for  Metals, 
Benjamin  Franklin  Hotel, 
Philadelphia. 

Oct.  25-28:  Annual  Fall  meet¬ 
ing  of  the  Institute  of  Metals, 
Division,  American  Institute 
of  Mining  and  Metallurgical 
Engineers,  Hotel  Adelphia, 
Philadelphia. 

Oct.  25-29:  National  Metal  Ex¬ 
position,  Commercial  Museum 
and  Convention  Halls,  Phila¬ 
delphia. 

Oct.  25-29:  Annual  Convention, 
American  Welding  Society, 
Bellevue-Stratford  Hotel, 
Philadelphia. 

Oct.  25-29 :  64th  semiannual 
convention.  Society  of  Motion 
Picture  Engineers,  Hotel 
Statler,  Washington,  D.  C. 

Oct.  27-28:  Annual  Convention, 
Society  for  Non-Destructive 
Testing,  Hotel  Adelphia,  Phil¬ 
adelphia. 

Nov.  4-6  ^  National  Electronics 
Conference,  Edgewater  Beach 
Hotel,'  Chicago. 

Nov.  8-10:  Twentieth  Rochester 
Fall  Meeting  of  members  of 
IRE  and  RMA  Engineering 
Dept.,  Sheraton  Hotel,  Roch¬ 
ester,  N.  Y. 

Nov.  29-Dec.  1:  Conference  on 
electronic  instrumentation  in 
nucleonics  and  medicine,  spon¬ 
sored  by  IRE. and  AIEE,  En¬ 
gineering  Societies  Building, 
New  York  City. 

Nov.  29-Dec.  4:  18th  National 
Exposition  of  Power  and  Me¬ 
chanical  Engineering,  Grand 
Central  Palace,  New  York. 


Aug.  20-29:  All-Electrical  Expo¬ 
sition,  Pan-Pacific  Audito¬ 
rium,  Los  Angeles,  Calif. 

Aug.  24-27:  AIEE  Pacific  Gen¬ 
eral  Meeting,  Spokane,  Wash. 

Aug.  30-Sept.  17:  114th  national 
meeting,  American  Chemical 
Society.  Eastern  session, 
Washington,  D.  C.,  Aug.  30- 
Sept.  3;  midwest  session,  St. 
Louis,  Mo.,  S^t.  6-10;  west¬ 
ern  session,  Portland,  Ore., 
Sept.  13-17. 

Sept.  4-6:  ARRL  Convention, 
Milwaukee  Auditorium,  Mil¬ 
waukee. 


Fred  R.  Lack,  vice-president  of  Western 
Electric,  addressing  membership  luncheon 
at  annual  convention  oi  RMA  in  Chicago 


Sept.  6-11:  International  tele¬ 
vision  meeting,  with  exhibition 
Sept.  2  to  15,  Swiss  Federal 
Institute  of  Technology,  Zu¬ 
rich.  Address  inquiries  to  Sec¬ 
retariat,  International  Tele¬ 
vision  Meeting,  Gloriastrasse 
41,  Zurich  6,  Switzerland. 

Sept.  13-17:  Third  Instrument 
Conference  and  Exhibit,  Con¬ 
vention  Hall,  Philadelphia, 


the  board  of  directors  voted  to  con¬ 
tinue  the  policy  not  to  sponsor  or 
endorse  nuy  public  or  trade  shows 
of  television  or  radio  receivers. 
The  board  also  adopted  a  resolution 
asking  the  FCC  to  retain  the  pres¬ 
ent  numbers  of  the  twelve  television 
channels  for  the  avoidance  of  con¬ 
fusion. 

Finally,  associate  director  Virgil 
Graham  reported  that  the  Rochester 
Fall  Meetings  in  the  future  will  be 
under  the  sponsorship  and  direction 
of  the  RMA  Engineering  Depart¬ 
ment  in  cooperation  with  the  IRE, 
instead  of  the  Rochester  Fall  Meet¬ 
ing  Committee  which  originated 
these  annual  engineering  confer¬ 
ences. 


Sept.  20-23:  Annual  meeting. 
Associated  Police  Communica¬ 
tion  Officers,  Inc.,  Rice  Hotel, 
Houston. 


Sept.  27-Oct.  1:  Third  National 
Plastics  Exposition,  Grand 
Central  Palace,  New  York 
City. 


Sept.  29-Oct.  2:  Pacific  Elec¬ 
tronic  Exhibition  and  IRE 
west  coast  Annual  Conven¬ 
tion,  Biltmore  Hotel,  Los  An¬ 
geles,  Calif. 


Oct.  5-7:  AIEE  Middle-Eastern 
District  Meeting,  Washington, 
D.  C. 


Instrumentation  Conference 

A  THREE-DAY  conference  on  elec¬ 
tronic  instrumentation  in  medicine 
and  nucleonics,  jointly  sponsored  by 
the  AIEE  and  IRE,  is  scheduled  to 
be  held  in  New  York  City,  Nov.  29 
to  Dec.  1,  1948.  Arrangements  are  nel,  including  stable  isotope  meas- 
to  have  the  area  of  common  interest  urement. 

fall  on  the  second  day  of  the  meet-  Further  information  on  the  con¬ 
ing.  On  the  first  day,  devoted  to  ference  and  registration  may  be 
electronic  aids  to  medicine,  such  obtained  by  writing  to  C.  C.  Wilson, 
items  as  biological  amplifiers  and  AIEE  Headquarters,  33  W.  39th  St., 
recording  devices  (c-r  oscillograph.  New  York  18,  N.  Y. 
electrocardiograph  and  electroen¬ 
cephalograph)  will  be  covered.  The 
second  and  third  days  will  cover 
nucleonic  instrumentation,  includ¬ 
ing  subjects  of  interest  in  medicine 
and  physics.  The  second  of  these 
three  days  will  be  devoted  to  mat¬ 
ters  of  interest  to  medical  person- 


OcT.  7-9:  Second  joint  meeting, 
URSI  and  IRE,  National  Bu¬ 
reau  of  Standards,  Washing¬ 
ton,  D.  C. 

Oct.  11-12:  PM  Association  Sec- 


eral  public  the  Moskvich  T-1  tele¬ 
vision  receiver.  It  is  a  20-tube  set 
with  combination  f-m  radio  recep¬ 
tion  but  only  an  adapter  for  record- 
playing. 

However,  reconstruction  work  is 
being  carried  out  at  the  Moscow 
Tele-Center  television  broadcasting 
station,  which  is  still  using  343-line 
pictures,  for  changeover  to  625-line 
pictures.  Image  clarity  at  the  Len¬ 
ingrad  center  has  been  increased  to 
441-line  pictures  compared  with  the 
prewar  240-line  images.  Regular 

(Continued  on  p  212) 


Soviet  Television 

Indicative  of  the  status  of  tele¬ 
vision  in  the  USSR  is  the  fact  that 
one  electrical  appliance  store  in 
Moscow  now  has  on  sale  to  the  gen- 
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SOLUTIONS  TO  YOUR 


D-C 


POWER  PROBLEMS 

■  ■  -®  ,  ' 


o 


Federal  Selenium  Rectifier  Equipments 


Here’S  federal’s  line  of  standard  D-C 
Power  Supplies  which  offer  you  a  conve¬ 
nient,  economical  and  always  dependable 
source  of  direct  current  for  a  wide  range  of 
industrial  and  laboratory  applications. 

These  attractively  styled,  compact  and 
efficient  units  are  completely  self  contained 
—ready  to  connect  to  your  a-c  power  supply 
—ready  to  supply  d-c  power  wherever  and 
whenever  you  want  it.  Because  they  are 
powered  by  Federal’s  long-life  Selenium 
Rectifiers,  their  service  life  is  practically 
unlimited — with  no  expendable  parts  which 
require  frequent  replacement.  These  equip¬ 
ments  are  conservatively  rated,  using  the 
new  heavy-duty  stacks  which  assure  a  wide 
margin  of  safety  to  withstand  momentary 
heavy  overloads. 

For  complete  information  on  these  new 
d-c  power  supplies,  write  to  Federal  today 
—Dept.  E313. 


Available  for 

IMMEVIATE  VEUVERY 


1  FTR  3300-DS  D-C  Output — 2-33  voltt,  SO  ampere* 

A-C  Input — 115  volt*,  l-pha*e,  60  cycle* 

2  FTR  3339-RS  D-C  Output — 6-24  volt*,  18  ampere* 

A-C  Input — 115/230  volts,  l-pbaae,  50/60 
cycle* 

3  FTR  3128-BS  D-C  Output — 22-30  volt*,  10  ampere*  (fil¬ 

tered  and  regulated) 

A-C  Input — 115  volt*,  l-pha*e,  60  cycle* 

4  FTR  3341-AS  D-C  Output — 28  volt*,  5  ampere* 

A-C  Input — 1  IS  volt*,  1-pha**,  50/60  cycle* 

5  FTR  3246-BS  D-C  Output — 6  volt*,  10  ampere*  (filtered) 

A-C  Input — 115  volt*,  l-pba*e,  60  cycle* 

6  FTR  1342-AS  D-C  Output — 6  volt*,  4  ampere*  (3  cell*  6-3 

ampere*  ) 

A-C  Input — 115  volts,  l-phase,  50/60  cycle* 


Federal  Telephone  and  Radio  Corporation 


NECFIN«  FXDCIIAL  YIAftS  AHEAD.. .is  IT&T's  world  wide 
reseorch  ond  enpineering  organization,  of  which  the  Federal 
Telecomnsunicotion  Laboratories,  Nwtiey.  N.  is  a  unit. 
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SELENIUM  oad  INTEIIN  DIVISION,  900  Passaic  five..  East  Newark,  Now  Jorsoy 

In  Canocla:— Federal  Electric  Manufacturing  Camgany,  Ltd.,  Mentreal,  P.  O. 
Export  Distributors:  — International  Standard  Electric  Carp.  67  Ireod  St.,  N.  Y. 
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TUBES  AT  WORK 

(continiMd  from  p  122) 

10  to  80  ^C.  For  this  reason,  les? 
heating  time  is  required  in  testing 
gas-filled  tubes. 

In  general  testing,  a  few  points 
should  be  reviewed  before  a  tubt- 
has  definitely  been  considered  bad: 

.  Heater  voltage  at  the  heater 
terminals  of  the  tube  must  be  at 
the  rated  value.  Any  poor  connec¬ 
tion  on  one  of  the  heater  terminals 
will  cause  a  lowering  of  voltage  at 
the  terminal  with  a  resulting  lower¬ 
ing  of  cathode  temperature  and  an 
increasing  voltage  drop  from  anode 
to  cathode  during  conduction. 

The  anode,  cathode,  and  grid  leads 
of  thyratrons  must  make  good  con¬ 
tact  with  the  caps  of  the  tester  to 
insure  proper  current  conduction. 


Sensitive  Transducer 

A  DEVICE  for  electrically  measuring 
mechanical  motions  or  displace¬ 
ments  that  places  no  friction  load 
on  the  transmitting  device  and  ex¬ 
erts  little  or  no  reaction  force  on 
the  transmitting  device,  is  the  Atco- 
tran.  It  has  a  linear  electrical  re¬ 
sponse  when  actuated  by  a  linear 
mechanical  motion  and  operates 
from  fid-cycle  current. 

Essentially  the  Atcotran  is  a  dif¬ 
ferential  transformer  with  a  linear 
response.  It  consists  of  three  coils 
as  shown  in  Fig.  1.  These  are 


Finest  quality,  high  efficiency,  30-watt  power  capacity,  fre¬ 
quency  response  from  60  to  15,000  cycles — that’s  the  uneqiwled 
combination  of  features  you  get  in  the  Western  Electric  757A. 
It’s  ideal  for  the  finest  audio  systems,  for  broadcasting  or 
sound  distribution. 

For  immediate  ddivery,  order  today  from  your  local  Graybar 
Representative  or  wTite  Graybar  Electric  Co.,  420  Lexington 
Avenue,  New  York  17,  N.  Y. 


INSULATING. 

FORM 


leads 


COILS/r. 


STEEL 

ARMATURE 


aluminum 

SHIELD 


Western  Electric 

-  QUALITY  COUNTS  - 


FIG.  1 — Cross-section  oi  coil  assembly 


wound  on  a  single  spool,  with  a  free- 
moving  armature  of  magnetic  ma¬ 
terial  mounted  inside  the  spool. 

Alternating  current  is  supplied  to 
the  center  or  primary  coil  C  and  the 
magnetic  flux  generated  by  this  coil 
is  distributed  by  the  armature  so 


DISTRIIUTORS:  IN  THE  u.  S.  A.  —  Graybar 
Electric  Company,  in  Canada  and  New¬ 
foundland — Northern  Electric  Co.,  Ltd. 
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MORNAY 
BUDD  A 


h  topical.  K  Band,  bench  teat  set-up  with  power  supply  and  ampliSer 


The  complete  line  of  De  Momoy-Budd  To  eliminate  guesswork,  each  item  oi  this 
standard  test  equipment  covers  the  Ire-  De  Momoy-Budd  test  equipment  is  individ- 
quency  range  from  4,000  mcs  to  50,000  mcs.  ually  tested  and,  where  necessary,  cali- 
It  provides  all  R.  F.  waveguide  units  neces-  brated,  and  each  piece  is  tagged  with  its 
sary  for  broad  band  precision  test  work  re-  electrical  characteristics.  All  test  equip- 
quiring  extremely  high  accuracy  in  attenu-  ment  is  supplied  with  inner  and  outer  sur- 
ation  measurements,  impedance  measure-  faces  gold  plated  unless  otherwise  speci- 
ments,  impedance  matching,  calibration  oi  lied, 
directional  couplers,  VSWR  frequency 
measurements,  etc. 


The  new  DeMornay-Budd  catalogue 
oi  Standard  Components  and  Stand¬ 
ard  Bench  Test  Equipment  is  now 
ready.  This  catalogue  features  a 
36  page  "Introductory  Concepts  to 
Microwaves"  and  "Measurement  & 
Calibration  Procedures."  This  cata¬ 
logue  is  available  to  those  request¬ 
ing  copies  on  company  letterhead. 


THt  MARK 
OF 

RRECISION 


DE  MORNAY  •  BUDD  INC.,  475  GRAND  CONCOURSE,  NEW  YORK  51,  NEW  YORK 
CABLE  ADDRESS  "DEMBUD,"  N.  Y. 
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ERIE  "GP"  Ceramicons  are  small  and  compact,  even  in  high 
capacities.  Tubular  in  shape,  they  require  less  space  than  rec* 
tangular  condensers.  They  can  be  wired  into  position  more  easily 
and  quickly  where  space  conditions  are  close,  and  thus  are 
basically  easier  to  handle  in  any  type  of  installation. 

The  wide  range  of  adaptability  of  ERIE  "GP"  Ceramicons 
simplifies  the  inventory  problem,  reduces  "out-of-stock"  bottle¬ 
necks,  and  saves  confusion  generally. 

The  enormous  popularity  of  "GF'  Ceramicons  is  the  result 
of  a  combination  of  their  superb  performance  and  economical 
cost.  Their  inherently  simple  construction  results  in  higher  reso¬ 
nant  frequencies  that  are  so  important  in  by-passing  applications 
for  FM  and  Television. 

ERIE  "GF'  Ceramicons  are  made  in  insulated  styles  in  popu¬ 
lar  capacity  values  up  to  5,000  MMF,  and  in  non-insulated  styles 
up  to  10,000  MMF.  If  you  haven't  switched  to  "GF'  Ceramicons 
for  by-pass  and  coupling  applications,  write  for  full  details. 


*Ceiamicoa  it  tbt  rtgitltrtd 
trad*  namt  o/  itlvtrtd  c*> 
ramie  coadtnttrt  madt  by 
Erit  Rttitior  Corporatioa. 
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ERIE  RESISTOR  CORP.r  ERIE,  PA. 

LONDON,  ENGLAND  •  TORONTO,  CANADA' 


CONNECTICUT 


TORRINGTON 


YOUR  PRODUCTS 


HARNtSS  riMf  TO 


SUBSIDIARY  OF  GENERAL  TIME  INSTRUMENTS  CORPORATION 


ELECTRONIC  ADJUSTABLE-SPEED  DRIVE 


RELIANCE 


FOR  A-C  CIRCUITS  ProridM  centralized  control  for 

simple  action.  Features  starting,  quick-stopping,  jogging. 
Inching  or  creeping,  reversing,  with  infinite  speed  adjust¬ 
ments  and  controlled  acceleration  and  deceleration. 


HAYDON-TIMED  for  accurate  action 


The  all-electric  Reliance  V'^^S  Drive  employs  a  special  Haydon  timer 
to  provide  a  30  or  45  second  preheating  cycle  to  protect  the  power 
tube,  while  still  cold,  against  premature  application  of  the  load.  The 
timer  also  features  delayed  reset  to  permit  other  relays  to  operate  in 
the  interval  and  to  provide  against  complete  recycling  in  the  event  of 
momentary  power  failures.  Reliance  is  but  one  of  hundreds  of 
nationally  known  manufacturers  relying  on  Haydon 
timers  for  better  product  performance.  When  con* 
fronted  with  a  timing  problem,  take  advantage  of 
Haydon  Time  Engineering  Service.  There  is  a  Hay- 
J  representative  near  you  to  discuss  and  demon* 

strate  timing  motors  and  devices.  For  immediate 
■TVTIT|YJ^n||||  reference,  see  the  condensed  Haydon  catalog  in 
IAUbmISShII  Sweet's  File  for  the  Product  Designers  ...  or  write 
your  complete  copy,  with  illustrations,  applica- 
-  ^  tion  information,  specifications  and  dimensional 

drawings.  If  it's  about  time,  call  for  Haydon. 

Write  2409  Elm  Street,  Torrington,  Connecticut 


■i 

■1 

1 

B 

1 

j  movement  oi  the  armature 

1  that  a  voltage  is  induced  in  sec¬ 
ondary  coils  A  and  B. 

If  the  armature  is  symmetrically 
located  (centered),  the  induced 
voltages  will  be  equal  but  if  the 
armature  moves  to  the  left  the  in¬ 
duced  voltage  in  coil  A  will  be 
I  greater  than  that  induced  in  coil  B. 
If  the  armature  moves  to  the  right 
the  voltage  in  coil  B  will  be  greater 
than  that  induced  in  coil  A. 

In  normal  operation,  coils  A  and 
B  are  connected  in  a  series  bucking 
relationship  so  that,  when  the  arma¬ 
ture  is  centered  and  both  coils  have 
equal  voltages  induced  into  them, 
the  resulting  output  will  be  zero.  If 
the  armature  moves  to  the  left  a 
I  voltage  of  one  phase  A  will  pre¬ 
dominate,  and  if  the  armature 
i  moves  to  the  right  a  voltage  of  the 
other  phase  B  will  predominate 
Phase  A  will  differ  from  phase  B  by 
180  degrees.  These  relations  are  il¬ 
lustrated  in  Fig.  2. 

If  the  unit  were  connected  as  il- 


FIG.  3 — Application  of  the  pick-up  unit  to 
a  Bourdon  tube  for  pressure  measure¬ 
ments 
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The  new  alarm-lock  works  easily 
enough  when  you  know  the  right 
buttons  to  push.  Push  the  wrong 
ones,  and  you  bring  the  cops  on  the 
run.  Like  so  many  other  signaling 
devices,  the  alarm-lock  is  operated 
by  a  Telechron  synchronous  electric 
motor. 

In  this  lock,  the  motor  is  the  low- 
cost  Telechron  H-3.  This  is  the 
popular  model  for  range  and  radio 
timers,  sequence  timing,  signaling, 
control  and  recording  devices.  Many 


millions  of  these  versatile  motors 
are  giving  long,  economical  service 
in  many  different  types  of  timing 
mechanisms. 

These  dependable,  self-starting 
motors  give  your  product  the  extra 
sales  appeal  of  famous  Telechron 
accuracy.  Operating  in  perfect  syn¬ 
chronism  with  the  frequency,  they 
have  to  be  ri^ht  .  . .  can’t  run  fast  or 
slow.  Sealed-in  lubrication  and  pre¬ 
cision  building  assure  long,  trouble- 
free  life. 


Telechron  motors  are  produced 
by  the  largest  maker  of  synchronous 
electric  timing  motors  for  over  25 
years,  and  are  Underwriters  Labora¬ 
tories  approved.  If  you  have  a  spe¬ 
cial  timing,  control  or  recording 
problem,  why  not  consult  Tele- 
chron’s  application  engineers? 
There’s  no  obligation,  of  course. 
Address  Motor  Advisory  Service. 
Dept.  M,  Telechron  Inc.,  Ashland. 
Massachusetts.  A  General  Electric 
Affiliate. 


THE  FIRST  AND  FAVORITE  SYNCHRONOUS  ELECTRIC  TIMING  MOTOR 
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FIG.  4 — Two  Atcotrans  in  a  balance  dr- 
!  cult  for  remolo  indication  or  control 

lustrated  in  Fig.  3,  and  if  the  por¬ 
tion  of  the  curve  in  Fig.  2  between 
0.05  and  0.1  inch  were  used,  the  a-c 
j  meter  pointer  would  go  from  zero 
i  to  full  scale  for  a  Bourdon  tube  de- 
I  flection  of  0.05  inch.  The  meter 
could  readily  be  calibrated  in  terms 
of  pressure  as  applied  to  the  Bour¬ 
don  tube. 

A  null-balance  circuit  is  shown  in 
j  Fig.  4. 

j  When  both  Atcotran  armatures 
are  in  their  proper  position  the 
outputs  of  Atcotrans  A  and  A'  will 
be  equal  and  opposite  in  phase  and 
I  the  resultant  input  to  the  amplifier 
!  will  be  zero.  No  voltage  will  be  ap¬ 
plied  to  the  amplifier  phase  of  the 
i  motor  and  it  will  be  dominant. 

I  When  the  pickup  device  raises  the 
i  armature  of  Atcotran  A,  phase  A 
will  predominate  and  the  input  to 
:  the  amplifier  and  subsequent  input 
to  the  motor  will  be  in  the  proper 
phase  relationship  with  the  line 
voltage  to  run  the  motor  and  raise 
the  armature  of  A'  Atcotran  a  like 
amount  and  balance  the  system. 

If  the  pickup  device  lowers  the 
armature  of  Atcotran  A,  phase  B 
will  predominate  and  the  motor  will 
run  in  the  opposite  direction  until 
!  the  system  is  again  rebalanced.  In 
this  way  the  motor  will  continually 
cause  the  armature  of  Atcotran  A' 
to  follow  the  movements  of  the 
pickup,  and  any  pointer  or  pen  cou¬ 
pled  to  the  motor  shaft  will  indicate 
or  record  a  motion  exactly  propor¬ 
tional  to  the  motion  of  the  pickup, 
which  in  the  case  of  a  Bourdon  tube 
is  in  turn  proportional  to  the  pres- 
I  sure  applied  to  it.  Such  an  arrange- 
j  ment  will  result  in  a  remote  pres- 
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there  are  three! 
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Sizes  1,  2  and  3  of  Ward  LeonariTs  new 
Solenoid  Contactors  are  now  available 

The  advantages  of  Ward  Leonard’s  re 


cently  introduced  A-C  Solenoid  contaaor 


can  now  be  obtained  in  2  and  3  pole 


combinations  rated  up  to  100  amperes 


All  these  sizes  provide  “Result-Engi 


neered”  features  which  you  can’t  afford 


to  overlook.  Let  us  point  them  out  to 


Write  for  our  Bulletins  4451, 


4452,  4453  and  be  convinced.  Ward 
Leonard  Electric  Co.,  31  South  St.,  Mount 
Vernon,  N.  Y.  Offices  in  principal  cities 
of  U.  S.  and  Canada. 


WARD  LEONARD 

ELECTRIC  COMPART 

RESISTORS  .  RHEOSTATS  •  RELAYS  .  CONTROL  DEVICES 
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A-C  INPUT 
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Write  for  Shallcross  Akra-Ohm  Precision  Resistor  Catalog  R-1. 

Let  Shallcross  precision  resistor  engineering  specialists  rec¬ 
ommend  suitable  types  for  your  application.  a  • 


MOISTURE  SEALED  OUT  .  •  • 
Accurocy  and  Dependability  Sealed  ini 


Unique,  simplified,  yet  rugged  construction 
characterizes  the  well-known  Shallcross 
Akra-Ohm  hermetically  sealed  precision  re* 
sistors.  Resistance  values  up  to  20  megohms. 


HAUjCROSS  WANUFACTURIjiG_^QjjJ^NY  Dept.  ^E-98,Collinfldale.  Penno. 


Shallcross  -the  only  complete 

precision  resistor  line! 


FIG.  5 — £]»ctronic  phose  and  ▼oltage- 
sentltiTe  relay 


sure  transmission  system  of  unusual 
stability  and  accuracy. 

Another  arrangement  is  shown  in 
Fig.  5.  The  electronically  operated 
relay  will  pull  in  and  either  close  or 
open  a  load  circuit,  when  a  small 
a-c  voltage  is  applied  to  its  input 
terminals.  The  magnitude  of  this 
voltage  required  to  operate  the  relay 
is  determined  by  the  bias  control. 
When  the  Atcotran  armature  is  in 
a  phase  /  relationship  the  relay  will 
not  be  actuated,  but  if  its  armature 
moves  through  the  null  or  zero  out¬ 
put  position  (see  Fig.  2)  to  a  phase 
B  position,  the  relay  will  pull  in  and 
actuate  a  load  circuit.  Such  an  ar¬ 
rangement  would  give  off  and  on 
control  of  pressure  or  could  be  used 
as  an  alarm. 

If  two  electronic  relays  were  used 
— one  connected  to  pull  in  on  A 
phase  and  one  on  B  phase  and  the 
bias  controls  were  properly  ad¬ 
justed  we  would  get  three-position 
(High — Neutral — Low)  control. 

Since  the  Atcotran  made  by  Auto¬ 
matic  Temperature  Control  Co.,  is 
a  voltage-producing  device  a  num¬ 
ber  of  these  units  may  be  connected 
in  series  to  give  an  electrical  output 
which  is  either  the  sum,  difference 
or  average  of  a  plurality  of  vari¬ 
ables. 


Video  Interference 

As  MEMOED  to  designers  and  manu¬ 
facturers  of  television  receivers  by 
I.  J.  Kaar,  chairman  of  RMA  Com¬ 
mittee  on  Television  Receivers, 
there  is  a  serious  problem  of  radio 
interference  that  may  be  caused  by 
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CONSTANT  VOLTAGE 

puts  the  "safety”  in  safety  controls 


Without  CONSTANT  VOLTAGE  protection,  this  self- 
sustaining  link  in  the  chain  of  relay  points  that  chart 
the  nation’s  airways,  could  not  successfully  perform  its 
safety  function. 

It  is  remotely  located,  at  times  almost  inaccessible  to 
service  personnel  and  solely  dependent  on  local  power 
service.  Were  it  not  for  a  Sola  Constant  Voltage  Trans¬ 
former,  its  delicately  engineered  electronic  and  radio 
equipment  would  be  constantly  at  the  mercy  of  periodic 
and  unpredictable  surges  or  low  voltage  levels. 

Throughout  the  entire  cross-country  system  Sola 
Constant  Voltage  Transformers  maintain  operating  volt¬ 


ages  at  a  constant,  predetermined  level  and  the  nation’s 
air-men  fly  their  courses  with  confidence. 

If  you  are  building  electrically  energized  equipment  to 
operate  at  precise  voltage  levels,  remember  this:  it  is 
more  economical  to  include  Constant  Voltage  protection  in 
your  design  than  to  install  it  later  as  a  remedial  measure. 


Revised  Bulletin  DCV-192 
available  on  request. 
Write  for  your  copy. 


31  standard  types 
of  Sola  Constant 
Voltage  Trans¬ 
formers  available 
in  capacities  rang¬ 
ing  from  lOVA  to 
15  KVA. 


TRANSFORMERS 


Transformers  fort  Constont  Voltage  •  Cold  Cathode  Lighting  •  Airport  lighting  •  Series  Lighting  •  Fluorescent  Lighting  •  Luminous  Tube  Signs 
Oil  Burner  Ignition  •  X-Ray  •  Power  •  Controls  •  Signal  Systems  •  etc  •  SOLA  ILICTRIC  COMPANY,  4633  W.  16tli  Street,  Chicago  SO,  Illinois 

Manujactmd  unitr  lictnst  by:  ENDURANCE  ELECTRIC  CO.,  Concord  Weot.  N.  S.  W..  Australia  •  ADVANCE  COMPONENTS  LTD.,  Walthamstow.  E..  England 
UCOA  RADIO  S.A.,  Buenos  Aires.  Argentina  •  M.  C.  B.’ft  VERITABLE  ALTER,  Courbevoie  (Seine).  France 
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video  and  scanning  circuits  of  teU- 
vision  receivers. 

Since*  the  range  from  10  kilocycles 
to  4,500  kilocycles  is  coincident  with 
those  frequencies  used  in  radio  com¬ 
munication  and  radio  broadcast,  it 
is  to  be  expected  that  wiring  and 
components  in  the  television  re¬ 
ceiver  which  carry  video  currents 
may  possibly  radiate  or  produce  in¬ 
duction  fields  of  sufficient  strength 
to  cause  interference  to  other  serv¬ 
ices  employing  radio  frequencies. 

Interference  in  the  broadcast 
band  is  of  particular  importance 
because  receivers  for  this  band  may 
be  located  in  an  adjacent  room  in 
an  adjoining  apartment  in  the  same 
building  so  that  possibly  only  a  few 
feet  may  separate  the  broadcast 
and  the  television  receivers.  The 
video  interference  usually  sounds 
quite  mushy  and  makes  itself  evi¬ 
dent  as  a  noisy  background  of  vari¬ 
able  intensity  riding  along  with  the 
broadcast  program.  The  intensity 
may  be  so  severe  in  some  cases  as 
almost  to  obliterate  completely  weak 
broadcast  signals.  In  addition  to 
the  mush  there  may  be  birdies  or 
tweets  caused  by  more  or  less  steady 
frequency  components  in  the  video 
signal  beating  with  the  carrier. 


Th*  completely  scientific  production  of  HOLTfTE  screws,  bolts  and  allied 
fastenings  is  closely  supervised  through  every  operation  by  our  skilled  Engineering 
Staff.  From  the  analysis  of  raw  material  to  the  final  hardening,  heot-treating  and 
finishing  every  operation  is  meticulously  checked  and  inspected  by  the  latest 
scientific  devices.  Modern  comparators  throughout  the  production  line  supplement 
inspection  devices  to  insure  absolute  precision. 

Aided  by  special  research  in  extensive  chemical  and  metallurgical  labora¬ 
tories,, our  engineers  ore  constantly  improving  methods,  equipment  and  products 
to  provide  users  .with  the  most  rugged,  uniform  and  accurate  fastenings  science  can 
devise. 

HOLTITE  Engmeered  Fastenings  effect  tighter,  stronger,  vibration-defying 
assemblies  with  cost-cutting  efficiency.  Select  your  next  requirements  from  HOL- 
TITE’S  complete  line  .  .  .  your  time  study  records  will  prove  the  wisdom  of  their 
continued  use. 


Intercarrier  Audio 


A  third  type  of  interference  may 
be  found  at  4,500  kilo-cycles,  in  a 
band  used  at  airports  and  for  some 
fixed  and  mobile  services.  This 
frequency  is  found  in  video  circuits 
as  a  result  of  detection  of  the  tele¬ 
vision  sound  carrier  by  the  tele¬ 
vision  picture  second  detector  since 
the  difference  between  the  picture 
and  sound  carriers  is  4,500  kilo¬ 
cycles.  This  4,500-kilocycle  signal 
will  be  frequency  modulated  by  the 
television  sound  signal  and  may  be 
readily  identified  and  received  by 
using  slope  detection  in  a  standard 
a-m  receiver. 

In  one  instance  the  4,500-kilo¬ 
cycle  signal  interfered  with  airport 
operations  at  an  airport  located 
over  a  mile  from  the  offending  re¬ 
ceiver.  An  examination  of  the  re¬ 
ceiver  revealed  that  the  installation 
was  a  custom-built  one  wherein  the 
video  frequency  conductor  from  the 
last  video  amplifier  to  the  cathode- 
ray  tube  was  over  ten  feet  in  length 
and  unshielded. 

In  general,  video  interference  can 
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Natvar  buulotiag  amtarlols  coa  ba  fumisha4 
pwnckad  ta  spacHIcatian  and  bald  ta  clasa 
tolarancat,  la  tha  finish  bast  switad  ta  tba 
agaratiaa. 


Salactar  Switch  frontas— a  port  af  tha  1S,000— lina 
iastallatian  af  Fadaral  Rotary  Talaphona  Switching 
Iguipaiant  at  tha  Rachastar  Talaphona  Corparotian, 
Radiastar,  N.  'V. 
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The  7A-2  Rotary  System  is  modem  high  speed  automatic  telephone  equip¬ 
ment,  built  by  Federal  Telephone  and  Radio  Corporation,  Qifton,  N.  J.,  an 
I.  T.  &  T.  associate.  It  must  be  both  compact  and  dependable.  This  calls  for 
minimum  clearances  without  sacrifice  of  reliability  of  performance  or  ease 
of  maintenance. ' 


Products 


•  Vamithad  cambric— straight  cut  and  bias 

•  Vamishad  cabla  tape 

•  Vamithad  canvas 

•  Vamithad  duck 

•  Vamithad  silk 

•  Vamithad  tpacial  rayon 

•  Vamithad  Fibarglat  cloth 

•  Silicona  coatad  Fibarglat 

•  Vamithad  papart 

•  Vamithad  tubings  and  tiaavingt 

•  Vamithad  idantification  markart 

•  Lacquarad  tubings  and  tiaavingt 

•  Extrudad  vinyl  tubing  and  tapa 

•  Extrudad  vinyl  idantification  markart 

Asfc  for  Catalog  No.  21 


In  the  words  of  one  of  their  engineers: 

**To  produce  a  system  which  fulfills  the  many  complex  circuit 
requirements  of  t^ay,  which  is  at  the  same  time  sound  and  robust 
mechanically,  requires  the  closest  cooperation  between  circuit  and 
mechanical  designers.** 


Natvar  Varnished  Kraft  insulators  are  an  example  of  this  cooperation.  Here 
an  electrical  insulating  material  has  been  used  to  provide  both  electrical 
and  mechanical  protection  to  the  selector  terminal  blocks  and  to  the  ribbon 
cable  which  multiples  the  terminal  banks. 

If  your  requirements  call  for  insulating  materials  with  good  physical  and 
electrical  performance  characteristics,  in  bulk  or  cut  to  your  own  specifica¬ 
tions,  it  will  pay  you  to  use  Natvar.  Get  in  touch  with  your  Natvar  distributor, 
or  with  us  direct. 
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be  reduced  by  using  short  connect¬ 
ing  wires  ^shielded  by  running  them 
in  fairly  close  proximity  to  conduct¬ 
ors  at  r-f  ground  potential.  A  brute- 
force  method  would  be  to  enclose  the 
whole  receiver  in  a  cabinet  having 
a  screen  shield  built  completely  cov¬ 
ering  its  inner  surface.  Screening 
cannot  be  put  over  the  face  of  the 
picture  tube,-  so  some  radiation 
occurs  through  the  face  of  this  tube. 
In  an  experimental  receiver  the 
residual  interference  was  further 
reduced  by  employing  a  picture  tube 
having  a  special  conductive  but 
translucent  coating  applied  to  its 
face  and  grounding  the  coating  to 
the  chassis. 

Scanning  Circuits 


with  these  BALLA.NTINE  instruments 


^  A.C.  VOITS 


MODEL  300 
ELEaRONiC 
VOLTMETER 


Scanning  systems  develop  pulse- 
type  and  sawtooth-type  waves  hav¬ 
ing  fairly  steep  decay  characteris¬ 
tics  (short-time  decay).  An  analysis 
of  the  frequency  spectrum  re¬ 
veals  the  presence  of  fairly  strong 
harmonics  of  the  line  (horizontal) 
and  field  (vertical)  frequencies. 
The  harmonics  of  the  field  fre¬ 
quency,  being  harmonics  of  60  cy¬ 
cles  per  second,  are  ordinarily  not 
bothersome  at  radio  frequencies 
because  the  amplitude  usually  falls 
off  inversely  with  the  order  of  the 
harmonic. 

This  is  not  true  in  the  case  of  the 
horizontal  frequency  because  the 
fundamental  is  15,750  cycles  per 
second,  and  is  therefore  itself  a 
radio  frequency.  Harmonics  of 
sufficient  amplitude  to  cause  inter¬ 
ference  to  broadcast  service  have 
been  observed.  This  type  of  inter¬ 
ference  makes  itself  evident  in  the 
form  of  birdies  or  tweets  caused  by 
the  harmonics  beating  with  the 
broadcast  station  carriers. 

;  This  type  of  interference  is  quite 
annoying  and  does  not  change  in 
intensity  with  picture  content,  but 
may  change  in  intensity  if  the  size 
and  linearity  controls  are  adjusted 
or  if  a  person  walks  up  to  a  tele¬ 
vision  receiver  and  changes  tht 
radiated  field  intensity  by  an 
antenna  effect.  A  satisfactory  cure 
for  this  type  of  interference  has 
been  found  by  the  employment  of 
grounded  shielding.  The  compo¬ 
nents  requiring  shielding  usually 
are  the  sweep  yoke,  the  high-voltage 
rectifier  system  for  the  picture  tube 
second  anode  if  the  h-v  supply  is 


MODEL  220 
DECADE 
AMPLIFIER 


MODEL  402 
MULTIPLIER 


>h«  only  VOLTMETER 
(•oturing  a  timplifiad 
LOGARITHMIC  SCALE 


10  MICROVOLTS  to  10,000  VOLTS 


OISE  BILLION  TO  ONE — This  enormous  range  of 
AC  voltages  —  is  easily  covered  by  the  Model  3(K) 
Voltmeter,  Model  220  Decade  Amplifier  and  Model 
102  Multipliers  illustrated  above.  The  accuracy  is 
2%  at  any  point  on  the  meter  scale,  over  a  frequency 
range  of  10  cycles  to  150  kilocycles.  The  Model  300 
Voltmeter  (AC  operated)  reads  from  .001  volt  to 
100  volts,  the  Model  220  Amplifier  (battery  operated) 
supplies  accurately  standardized  gains  of  lOx  and 
lOOx  and  the  Model  402  Multipliers  extend  the  range 
of  the  voltmeter  to  1,000  and  10,000  volts  full  scale. 

Descriptive  Bulletin  No.  10  Available 

BALLANTINE  i.ABORATORIES,  INC. 

BOONTON,  NEW  JERSEY,  U.S.A. 
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12”  and  15”  electro  dynamic  and  permanent -magnet  type  speakers  special¬ 
ly  designed  for  use  in  deluxe  radio-phonographs,  electronic  organs,  sound 
film  projectors,  coin  operated  phonographs,  public  address  systems,  etc 


Max.  Field  Copper  Magnet  Size  Diameter 


Model 


Electro  Dynamic 
Magneto  Dynamic 
Magneto  Dynamic 
Magneto  Dynamic 
Electro  Dynamic 
Magneto  Dynamic 
Magneto  Dynanlic 
Magneto  Dynamic 


12E3017 

12E1037 

12E1537 

12E2237 

15E3017 

15E1037 

15E1537 

15E2237 


The  12^'  size  will  handle  15  watts  maximum  speech 
music  audio  power  and  the  15"  size,  18[  watts. 


Xhe  magnavox  company  specializes  in  quality  speakers  for  every 
type  installation.  Over  100  different  models  are  produced  in  the 
modern  new  Magnavox  speaker  faaory  at  Paducah,  Kentucky. 

The  nation’s  most  efficient  loud  speaker  plant,  plus  all  the 
research  and  experience  amassed  in  thirty-three  years  of  service  to 
the  radio  industry,  enables  Magnavox  to  meet  your  specifications 
exactly.  Write  for  complete  new  speaker  catalog  today. 

The  Magnavox  Company  •  Sales  and  Engineering  Offices 
Components  Division  •  Fort  Wayne  4,  Indiana 

Afetgnavox  is  the  oldest  and  largest  producer  of  quality  loud  speakers! 


innini. 


has  served  the  radio  industry  for  over  33  years 


The  Magnatvx  Company  of  Kentucky,  at  Paducah 


ELECTRONICS  — September,  1948 


TUBES  AT  WORK 


^^olV  io  |5uk  firawa/  suf^m 
close  to  ’'honw'^ 


^^hafcif  suppliers  are  thousands  of  miles  away?  When  you 
spec^  Air  Express,  you  cut  down  delivery  of  equipment, 
supplies  and  finished  products  to  a  matter  of  hours.  Air 
Expre%  is  the  fastest  service  there  is.  Remember — large  in¬ 
ventories  are  expensive.  You  can  keep  them  low  by  getting 
what  you  need  in  hours. 

Air  Express  goes  on  every  flight  of  the  Scheduled  Air¬ 
lines — places  the  most  distant  suppliers  only  hom^  away. 
And  you  get  fast  pick-up  and  delivery  service  at  no  extra 
cost.  Rates  are  low.  Use  Air  Express  regvilarly  and  keep 
things  hustling. 


Spectfi/  Air  Byress-Wbrldfijagfest  6hippin^ 


•Low  rates — special  pick-up  and  delivery  in  principal  U.  S. 
towns 'and  cities  at  no  extra  cost. 

•  Moves  on  all  flights  of  all  Scheduled  Airlines. 

•  Air-rail  between  22,000. off-airline  offices. 

True  case  history:  Sacramento,  California,  dairy  regularly  gets 
replacement  pa^  and  equipment  by  Air  Express.  Keeps  in¬ 
ventory  low — gets  things  in  hours.  Typical  shipment:  32  lbs. 
of  parte  picked  up  in  Detroit  7  p.m.,  in  use  at  Sacramento  next 
afternoon.  2039  miles,  Air  Express  charge  $19.65.  Any  distance 
similarly  inexpi^isive.  Phone  Air  Express  Division,  Railway 
Express  Agency,  for  fast  shipping  action. 


RatM  Includ*  pick-up  and  dalivary  door 
to  door  in  oil  principoi  towns  and  citiot 


AIR  EXPRESS,  A  SERVICE  OF  RAILWAY  EXPRESS  AGENCY  AND  THE 

SCHEDULED  AIRLINES  OF  THE  U.S. 


TUBES  AT  WORK  (coatinu  d) 

derived  by  the  “kick"  across  the 
horizontal  output  transformer,  the 
horizontal  sweep  amplifier  tube  and 
horizontal  sweep-damping  tube,  if 
employed. 


Visual  Examination  of 
Crystal  Modes 

Use  of  the  Megasweep,  a  sweeping 
oscillator  with  output  between 
50-kc  and  500-mc  (Electronics, 
Aug.  1947,  p  112),  makes  possible 
the  visual  observation  of  crystal 
modes. 

The  sawtooth  sweep  voltage  of 
the  sweeping  oscillator  is  applied  to 
the  horizontal  plates  of  an  oscillo¬ 
scope,  providing  a  horizontal  de¬ 
flection  which  is  proportional  to 
frequency.  The  frequency-modu¬ 
lated  output  signal  of  the  sweeping 
oscillator  is  applied  across  a  quartz 
crystal;  and  the  voltage  across  the 
crystal,  after  rectification  and  fil¬ 
tering,  is  passed  on  to  the  vertical 
deflecting  plates  of  the  oscilloscope. 
With  the  sweeping  oscillator  ad¬ 
justed  for  maximum  sweep,  the 
oscilloscope  pattern  will  show  those 
crystal  modes  lying  within  the 
sweep  width. 

The  maximum  sweep  of  the  in¬ 
strument  is  usually  about  30  me, 
but  it  can,  with  some  loss  of  linear¬ 
ity,  be  brought  up  to  about  70  me. 
As  the  sweeping  frequency  passes 
through  the  crystal  frequency  or 
one  of  its  odd  harmonics,  the  crys¬ 
tal  impedance  and  the  rectified  volt¬ 
age  across  it  become  minimum. 
Since  this  absorption  occurs  peri¬ 
odically  at  the  sweep  rate,  a  sta¬ 
tionary  pattern  is  seen  on  the 
oscilloscope  with  pips  correspond¬ 
ing  to  the  series  resonant  modes  of 
the  crystal. 

As  the  center  frequency  of  the 
sweep  is  shifted,  higher  modes  can 
be  seen  to  appear  on  the  pattern. 
With  the  sweeping  oscillator  ad¬ 
justed  for  narrow  sweep,  the  pat¬ 
tern  of  an  individual  “pip”  occupies 
a  large  area  on  the  oscilloscope  and 
can  be  studied  in  detail. 

In  a  typical  test  using  a  10-mc 
fundamental  crystal,  the  modes 
were  traced  up  to  the  11th,  a  fre¬ 
quency  of  1 10-mc.  The  size  of  the 
pips  was  noticeably  different,  the 
variation  being  due  either  to  differ¬ 
ent  mode  strengths  or  amplitude 

September,  1948  —  ELECTRONICS 


Photomicrographies  are  only  part  ot  the  story 


EVERY  KNOWN  TEST  QUALIFIES 
WriBUR  B.  DRIVER  ALLOYS  FOR 
SUPERIOR  INSTRUMENTATION! 

Photomicrographic  checking  of  grain  size  and 
quality  of  metals  is  only  one  of  the  exhaustive 
tests  which  Wilbur  B.  Driver  resistance  alloys  are 
subjected  to  throughout  production.  There  are 
many  others  including  ASTM  life,  tensile  strength, 
yield  point,  hardness,  micrometer  and  thorough 
testing  for  resistance.  These  constant  checks  plus 
industry>old  experience,  are  the  reasons  you  can 
depend  on  all  Wilbur  B.  Dnver  alloys  to  perform 
as  specified.  The  alloys  listed  are  so  produced,  and 
are  especially  recommended  for  instrumentation. 


-RESISTANCE  CHANGE 
-vs.  TEMPERATURE  OF 

lu,U  "CUPRON"  4-4- 


_iJ_i 


Mi:'  DEGREES  ;  I  I  ; 
20  100  200  300  400  500  ° 

212  392  572  752  932 


FOR  CONTROLS,  RHEOSTATS,  ETC  LOW 
TEMPERATURE  COEFFICIENT  OVER  A  WIDE 
RANGE  OF  TEMPERATURE 

MANGANIN 


FOR  METER  AND  INSTRUMENT  SHUNTS. 
LOW  temperature  coefficient  lO'M 

thermal  emf  against  copper 

EVANOHM 

high  resistance  and  low  tempera 

TURE  .  COEFFICIENT  REDUCE  S  ?E  AND 

increase  ohmic  stariiity  of  wire 
WOUND  RESISTORS 


ELECTRON  ICS  —  September,  1948 


I 


"  CERAMIC 


«w7CAPACIT0RS 


Aefiftercd  Oesifn.  U.S.A..  U.K.  ond  other  territorfes 


U.I.C  of  England,  pioneer  manufacturers  of  ceramic 
transmitter  capacitors,  now  introduce  a  range  of  capacitors 
which  embody  the  accumulated  experience  of  many  years. 
They  are  acclaimed  for  their  outstanding  electrical 
performance  and  rugged  construction  by  leading  British 
and  European  manufacturers  of  R.F.  Heaters  and 
Transmitters  who  have  used  U.I.C  Ceramic  capacitors 
at  the  rate  of  1,000,000  KVA  in  1947  alone.  F.ufther 
iletails  furnished  on  request.  All  orders  and  enquiries  to  : — 


■A*  Leod-throagH  typm,  all  other  »xampla§  tag  typo. 


,  Sound 
icted  by 
oil 


CABLES:  CALANEL  •  SURBITON  .  SURREY 


TOLWORTH  .  SURBITON  .  SURREY  •  ENGLAND 
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Type 

HLS203I 

HLT202i 

HLn02l 

HLQOI 1 

HLaOI4^ 

Capacitance 

IZSpF 

300pF 

600pF 

BOOpF 

lOOOpF 

Max.  R.F.  Load 

70KVA 

50KVA 

45KVA 

1  25KVA 

1 

40KYA 

Peak  VoiUge 

7.5KV 

7.5KV 

7.5KV 

7.5KV 

7.5KV 

Max.  R.  F.  Current 

30Amps.30Am|». 

30  Amps. 

30  Amps. 

30  Amps. 

Body  Dimensions 

I|^x3r 

irx3r 

irx3r 

I}'x3i 

it'x3r 

TUBES  AT  WORK  (continu.d) 

modulation  in  the  output.  Using 
the  wavemeter  incorporated  in  the 
instrument,  the  frequencies  of  the 
modes  were  measured  and  found 
to  be  20-mc  apart. 


Acoustic  Well  Sounder 


Determination  of  the  fluid  level 
in  the  annuFar  space  between  the 
casing  and  the  tubing  of  an  ojl  well 
is  being  done  with  an  acoustic 
method. 

A  small  pressure-tight  chamber 
attached  to  a  casing  outlet  at  the 
surface  of  the  ground  contains  a 
microphone  and  a  mechanism  for 
firing  a  blank  cartridge.  The  sound 
of  the  explosion  travels  down  the 
annulus  between  the  tubing  and  the 
casing;  the  sound  is  partially  re¬ 
flected  at  all  obstructions  such  as 
tubing  collars  and  tubing  catcher, 
and  is  finally  reflected  almost 
totally  at  the  top  of  the  column  of 
oil  which  usually  extends  some 
distance  above  the  pump. 

The  sound  of  the  initial  explo¬ 
sion,  and  also  all  of  the  reflected 
pulses  are  transformed  into  an 
electric  current  by  the  microphone 
within  the  chamber  attached  to  the 
well-head.  This  current  is  ampli¬ 
fied  and  recorded  on  a  moving  strip 
of  paper  by  means  of  two  pen-and- 
ink  recording  galvanometers  oper¬ 
ating  simultaneously. 

The  reflection  from  the  top  of 
the  fluid  appears  on  the  record  as 
a  large  disturbance  superimposed 
on  a  succession  of  small  kicks  which 
result  from  the  weak  reflections  at 
the  tubing  collars.  Thus  the  top  of 


In  the  field  of  electronics  and  the  electrical 
goods  industry,  MOSINEE  stands  for  paper-base* 
processing  materials  with  scientifically 
^ntrolled  chemical  and  physical  properties,  high" 
""  quality  standards  and  dependable  uniformity . . . 
with  good  dielectric  strength,  high  tensile  or  tear 
strength;  proper  softness  or  stiffness; 
creped  with  controlled  stretch  or  flexibility;  specified 
pH  for  maximum-minimum  acidity  or 
alkalinity;  accurate  caliper,  density,  liquid  repellency 
or  absorbency  ...  or  other  technical 
characteristics  vital  to  your  quality  standards  and 
production  requirements,  r 


MOSINEE  PAPER  MILLS  COMPANY  •  MOSINEE,  WIS. 


Well  attachment  ready  for  firing.  Sound 
traveling  down  is  partially  reflected  by 
obstructions  and  surface  of  oil 
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Superior  Electric  Company 

PROTECTS  THEIR 

Automatic  Voltage  Regulators 


MAGHBTIC  CiRCm  BREAKERS 


In  a  Bulletin  advertising  the  high  cjuality  equipment  shown 
at  the  left,  the  mcmuiacturer  states  that  since  the  first 
STABILINE  Voltage  Regiilator,  Type  EM  was  built,  mcmy  im¬ 
provements  have  been  added,  among  them  "a  fast-trip  mag¬ 
netic  type  circuit  breaker  to  perform  two  functions.  It  eliminates 
the  task  of  replacing  fuses  when  the  current  is  overloaded, 
cmd  also  acts  as  an  ON-OFF  switch."  This  emphasizes  the 
-  convenience  of  the  HEINEMANN  CIRCUIT  BREAKER. 


POSITIVE  Yet  FLEXIBLE  Protection 

In  the  above  ecpiipment  Circuit  Breaker  is  installed  in  the 
brush  lead  of  the  Powerstat  vcrtfafcle  voltage  transformer.  When 
the  load  exceeds  the  current  ratisq  of  each  individual  trans¬ 
former,  the  Circuit  Breaker  opens,  thus,  eliminating  cmy  chcmce 
of  injury  to  any  part  of  the  equipment. 

These  breakers  are  instantaneous  on  shc«t  circuit,  but  a  mag¬ 
netic-hydraulic  time  delay  mechanism  allot  s  pc -  -age  of  slight, 
temporary  overload.  If  this  overload  continues  iJ^cmd  the  time- 
delay  limit,  the  breaker  trips.  Magnetic  blowout  provides  high 
and  fast  interrupting  capacity. 

Your  equipment  can  be  equally  well  protected  by 

installation  of 

HEINEMANN  MAGNETIC  CIRCUIT  BREAKERS 

Write  for  further  information 


UK  CM  ANN 


HEINEMANN  ELECTRIC  COMPANY 


97  PLUM  STREET 


TREPITON,  NEW  JERSEY 
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Usability  Unlimited 


The  Ideal  Microphone  for  Many 
Uses —  Public  Address,  Recording, 
lnter~office  and  Portable  Com¬ 
munications, 

JTS  A  PACESETTER  ...  a  major  new  accomplish¬ 
ment  in  terms  of  quality  performance  at  modest 
cost.  And.  still,  that  is  only  part  of  the  story  of  this 
new  Astatic  Microphone.  It  has  usability  unlimited! 
It  is  So  designed  that  it  may  be  used  in  a  variety  of 
ways  shown  in  illustrations.  Extra  convenience  in 
all  applications  is  offered  by  optional  models  with 
Type  "S"  off-on  switch.  Crystal  and  Ceramic  models 
furnished  in  dork  brown,  streamlined  plastic  case; 
Dynamic  models  in  die-cast  case. 

Work  on  AC*DC  or  standard  circuits.  Crystal  and 
Ceramic  models  available  with  substantially  flat  re¬ 
sponse  or  rising  characteristics  in  the  voice  range. 
Dynamic  models  incorporate  Astatic's  newly  devel¬ 
oped  circular,  Alnico  5  magnet,  which  doubles  flux 
density,  providing  higher  output  level,  extended 
range,  and  more  stability,  permitting  highest  quality 
performance  in  these  more  compact  units.  CB  Base, 
stand  adapter  and  hong-up  bracket  are  accessories, 
and  may  be  purchased  sep>arately. 

Write  for  prices,  additional  details 
SSfCItICATIONS 


Wttk  CB  Bssa 

For  desk  use.  Dark 
.  brown  plastic.  > 


Tapered  contours  al¬ 
low  firm,  effortless 

<  «"p.  > 


Meestad  sa  Floor  Stand 
Special  adapter  is 
universal  fitting  for 
conventional  stands. 


listed  in  The  Sadia  Industry  SID  BOOK 

Astatic  Crystal  Daricas  MartufacturaJ  undar  Brush  Daraloprrtant  Comparty  patartts 


WItli  Hang-up  Bracfcot 
Hangs  in  automo¬ 
biles.  etc.,  safely, 

^  easily  accessible. 


f 

1 

1 

'9^  -  ' 

Model 

No. 

T>pe 

Rerommendod 

Load 

Imftodaneo 

Ootpul 
Level 
<  Approx.  > 

Re^ponse 

f.pA 

1  CkararleriMirA 

OS 

CryaBol 

5  Moq 

—so  db 

20-10.000 

{  Subalaatiolly  Flat 

OS-l 

Cn^l 

i  M,q 

—50  db 

90-10.000 

1  Risinq  CbaroclerteticB 

i 

OD 

Dynomic 

SeO  Ohm 

—02  db. 

90-10.000 

1  SubatantioUy  Dot 

ODH 

!  Dynamic 

S  Moq 

—50  db. 

90-10.000 

1  SubelQBtiaUy  Flat 

1 

06C 

Coromic 

S  Moq 

—02  db 

90-10.000 

'  SubBloattoUy  Flol 

OSCl 

C«<inuc 

S  Moq 

- «  db  • 

30-10.000 

:  Risuiq  ChaioclehsitcB 

TUBES  AT  WORK  (continue  t) 

the  fluid  is  located  with  reference 
to  the  natural  scale  of  tubing  col¬ 
lars.  The  interpretation  of  the 
record  requires  only  the  counting 
of  the  number  of  tubing  joints  ex¬ 
posed  above  the  fluid. 

As  employed  in  the  Keystone 
Sonolog,  the  two  simultaneous  re¬ 
cording  channels  are  adjusted  per¬ 
manently  fo;r  best  response  to 
different  events,  which  makes  it 
possible  to  dispense  with  critical 
adjustments,  and  semiskilled  per¬ 
sonnel  obtain  satisfactory  results. 

The  instrument  is  designed  for 
portable  operation  and  consists  of 
three  components,  the  well-attach¬ 
ment,  the  amplifier-recorder  and  a 
I)ower  converter  operating  from  a 
six-volt  storage  battery.  The  log 
is  available  immediately  without 
any  intermediate  processing  since 
pen  and  ink  are  used. 

Power  Converters  for 
Television 

Operation  of  television  receivers 
from  a  d-c  power  line  can  be  ac¬ 
complished  by  using  the  vibrator- 
type  converter  whose  circuit  is 
shown  in  the  diagram.  It  incorpo¬ 
rates  a  frequency  control  (potenti¬ 
ometer  R)  which  permits  adjusting 
the  vibrator  to  a  frequency  of  60 
cycles  to  prevent  distortion  of  the 
picture. 

Although  most  cities  are  supplied 
exclusively  with  a-c  power  lines, 
there  is  still  a  significant  number 
that  contain  d-c  districts.  New 
York  City,  for  example,  has  316,000 
d-c  meters,  Boston  has  58,000,  and 
Chicago  has  26,000.  And  television 
stations  are  now  operating  in  all 
three  cities. 

The  circuit  shown  is  that  of  one 


Adding  potentiometer  R  to  a  vibrator  power 
■upply  permite  frequency  odjuatment 


152 
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fOUHV!  A  WAY  TO  CUT  PRODUCTION 
COSTS  25%  AND  STILL  IMPROVE  QUALITY 


SOLDER  SPECIALISTS 
FOR  OVER  58  YEARS 


Three  cores  for  the  price  of  one !  Speedier  action ! 
More  operations  per  pound  of  solder!  Test  after 
test  in  radio  plants  has  proved  that  Alpha  Tri- 
Core  is  more  efficient  and  more  economical  than 
conventional  solders.  Our  engineers  will  be  glad 
to  demonstrate  these  dollar-saving  features  in 
your  plant.  There  is  no  obligation ;  just  call  on  us. 


CHECK  THESE  FEATURES  '  “ 

Aloha  TRI-CORE  ROSIN-FILLED  Sbldir 

**  99.9%  pur*,  water-whit*  rosin  used  exclusively!  % 

Xf  ■  ■ 

Ar  Non-activated!  No  rejects  due  to  corrosion!  ^ 

*  Adapted  to  your  production  needs:  an  American 
solder  designed  for  American  production;  manu¬ 
factured  and  stored  her*  ready  for  delivery! 

W  No  toxic,  obnoxious  fumes! 

tills 

W  25%  more  joints  per  hour  per  pound  of  solderl  r  » - 

*  Cut  your  solder  cost  with  Tri-Cores  — 5  fd 

less  tin  and  still  get  better  results  than  |si^|tbfak  ji 

with  other  solders  using  more  tin. 


*  Tri-Core  available  in  diameters  as  large  as 
Va" ,  and  heavier— down  to  .020"  and  finer. 


other  ALPHA  PRODUCTS  include: 
TR!  C0RE''ENERGj2ED*R0S»1N-FILLED  SOLDER; 
TRI-CORE  “LEAK-PRUF ’’  ACID-FILLED  SOLDER. 
SOLID  SOLDER  WIRE;  PREFORMS  rosin  and 
actd  fiHedj;  BAR  SOLDER.  ANODES  AND  FOIL. 


ALPHA  METALS,  INC.,  371  HUDSON  AVENUE,  BROOKLYN  1,  NEW  YORK 


TUBES  AT  WORK 


(continu.d) 


converter  made  by  Electronic  Labo¬ 
ratories.  It  is  filtered  to  less  than 
one  microvolt  throughout  the  f-m 
and  television  bands,  and  powers  a 
receiver  rated  up  to  230  watts.  A 
second  model  supplies  up  to  475 
watts.  These  ratings  are  applica¬ 
ble  to  equipment  having  a  high 
power  factor,  from  80  to  100  per¬ 
cent,  such  as  is  normally  found 
on  transformer-operated  devices. 


Baseline  for  Visual 
Alignment  Systems 

By  Eluott  a.  Henry 

Olobe  Products  Corp. 

Bridgeport,  Conn. 

Activity  in  the  television  field  has 
stimulated  interest  in  sweep-fre¬ 
quency  generators  and  visual  align¬ 
ment  systems.  The  time  saving  and 
ease  of  adjustment  inherent  in  vis¬ 
ual  systems  outweigh  the  initial 
cost  of  equipment  and  the  difficulty 
in  making  accurate  gain  measure¬ 
ments.  Precise  gain  measurements, 
as  well  as  a  more  accurate  picture 
of  the  gain-frequency  characteristic 
of  the  amplifier  or  net  work,  may  be 
obtained  if  a  reference  of  zero  volt¬ 
age  (baseline)  is  provided  on  the 
cro  screen. 

The  baseline  may  be  obtained  by 
blanking  the  return  sweep  within 
the  sweep  generator  or  by  blanking 
the  input  of  the  vertical  amplifier  of 
the  cro.  As  the  majority  of  sweep 
generators  do  not  incorporate  in¬ 
ternal  blanking,  and  as  physical  or 
electrical  considerations  present 
conversion  problems,  the  latter 
method  is  to  be  preferred. 

While  electrical  blanking,  ob¬ 
tained  by  keying  one  of  the  cro 
amplifier  stages,  might  be  used,  it 
will  not  produce  satisfactory  results 
as  the  d-c  component  of  the  rectified 


FIG.  I — Simpliiied  circuit  using  battery  to 
charge  copacitor 
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oulslaiidiiig  advantage  oHered 
in  Highest  Qnality  I’utentionieter 

UiBBS 

MICBOPOT 


ng  and 


The  coiled  resistance  element 
is  threaded  on  the  molded  core 


Resistance  element  and  terminals 
are  one  integral  part  of  housing 


OTHER  IMPORTAW  FEATl  RES  OF  GIBBS  TEA-TI  BN  MIFROPirr 


Write  Today  ! 
t'or  enpineering 
npcci  lira  lions  and 
complete  detail 
folder.  Submit 
any  problems  to 
our  engineering 
staff  for  recom- 
niendations. 
I  nits  for  imnie- 
«iiate  shipment. 
—  I,(K)0  to  30.(K)0 
ohm  range.  Spe¬ 
cial  resistance 
values  made  to 
order. 


#  Kesistance  output  is  directly 
proportional  to  shaft  rota- 
tation  through  a  full  3,600 
degrees  within  ±0.1%:  this 
linearity  is  carrietl  right  to 
the  counter  clock\*ise  stop. 
In  the  Gibbs  MICROI'OT 
such  results  are  obtained 
by  precision  manufacturing 
and  metho<ls. 

#  Precision  groun<l,  stainless 
steel,  double  thread,  lead 
screw  guides  the  rotating 
contact,  ftuarantee^  smooth 
action,  low  uniform  torque 


and  accurate  settings  — per- 
manently. 

9  Kotor  assembly,  supported 
on  two  bearings,  assures 
long  life  and  low  torque. 

9  Knds  of  resistance  element 
aolderetl  to  terminals  before 
molding. 

9  Anti  backlash  spring  in  con¬ 
tact  guide'— assures  you  pos¬ 
itive  setting  and  resetting. 

9  The  431^'  length  of  resis¬ 
tance  element  gives  you  a 
finer  resolution. 


DEPT.  34  GiBBS  Biviglon 


THE  GEOKVE  \l.  BORE  CORPORiTlON 


Belavan  •  Wisconnin 
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TUBES  AT  WORK  (CMtinu  d) 

wave  will  be  lost  in  coupling  to  the 
cro  and  a  d-c  component,  equal  to 
the  plate  voltage  difference  of  the 
keyed  stage,  will  be  added  and  ap¬ 
pear  on  the  cro  screen.  Since  it  is 
necessary,  to  produce  an  accurate 
picture  of  the  gain-frequency  char¬ 
acteristic  of  the  network  under  test, 
to  transfer  the  d-c  component  of  the 
rectified  wavje  to  the  cro  screen  and 
since  this  is  readily  accomplished 
by  periodically  restoring  the  cro 
vertical  amplifier  to  its  zero  operat¬ 
ing  condition,  mechanical  blanking 
was  chosen. 

Basic  Operation 

For  an  explanation  of  the  trans¬ 
fer  of  the  d-c  component,  reference 
is  made  to  Fig.  1.  With  switch  2 
open,  when  switch  1  is  closed,  with 
the  battery  polarity  as  shown,  C, 
charges  through  Rt  and  R^.  The 
direction  of  current  flow  makes  the 
grid  of  Ti  go  positive  and  the  cro 
spot  to  move  upward.  When  C, 
becomes  fully  charged,  current 
ceases  to  flow  and  the  grid  returns 
to  its  static  value.  The  spot  returns 
to  its  former  position  and  nothing 
further  happens  as  long  as  condi¬ 
tions  remain  unchanged. 

Now  ’f  switch  St  is  momentarily 
depressed,  Ci  will  be  discharged 
through  Rt  while  the  battery  will  be 
protected  by  Ri.  The  direction  of 
current  flow  is  now  such  as  to  make 
the  grid  of  T,  go  negative  and  the 
cro  spot  to  move  downward.  There¬ 
fore  if  St  is  made  to  operate  rapidly 
and  to  have  equal  off  and  on  time, 
the  pattern  obtained  will  be  a  series 
of  square  waves,  the  magnitude  of 
which  will  be  an  absolute  propor¬ 
tionality  to  the  battery  voltage  as 
Cl  has  had  a  charge  alternating  be¬ 
tween  zero  and  full  battery  voltage. 

By  substituting  the  load  of  the 
linear  diode  detector  for  the  battery, 
adjusting  switch  S.  on-time  to  180 
degrees  of  the  modulation  cycle,  and 
providing  a  means  of  phasing  the 
start  of  St  on-time,  either  the  up  or 
down  sweep  may  be  blanked  and  the 
baseline,  equivalent  to  zero  voltage, 
obtained. 

Resistor  Ri  should  have  a  value  at 
least  four  times  greater  than  the 
diode  load  resistor  to  prevent  the 
discharge  of  the  diode  capacitor 
during  switch  St  on-time.  Switch 
So  must  be  capable  of  very  fast  ac¬ 
tion  and  have  very  low  contact  re¬ 
sistance.  A  relay  with  the  mercurj'- 


requited  to  a  moving  port, 
offer  unusual  operating  char- 
solid  precious  metal  rings, 
or  Palladium,  or  their  alloys 
metal,  such  as  copper  or  bronzi 


e  electrical  contact  is 
ed  precious  metal  rings 

ics  at  a  real  saving  in  cost  over 

r  or  Gold,  or  Platinum, 

1  to  the  required  base  i. 

make  possible  .  •  •  .  . 

Uniform  contact  resistance 
Low  noise  level 

’  Selected  temper  for  essenti 

Mechanical  strength 
Corrosion  resistance 

rings  ate  now  being  used  m  s 

Wots,  ond  ^X'ct' 

s,  potentiometers,  and 

^  will  be  pleased  to  ma 

jr  engineers  win  d  P  ^ 

your  requirements.  W 
oLnsto  cover  your  specifications 
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for  HIGH  Resistances 


S  P  E  C  I  F  I  CATIONS 

RANGE:  2,000  ohms  to  50,000  megohms 
in  five  overlapping  ranges;  zero  to  100 
volts,  d>c  os  o  vocuwm-tube  voltmeter. 

ACCURACY:  within  ±5%  of  indicated 
value  from  30,000  ohms  to  3  megohnns; 
within  ±8  %  from  3  to  3,000  megohms 
when  the  central  decade  of  scale  is  used. 
Voltage  measurement  accuracy  is  db2% 
of  full  scale. 

SCALE:  standard  direct-reading  ohmmeter 
calibration  is  used;  scale  is  illuminated. 

VOLTAGE  ON  UNKNOWN:  does  not 
exceed  106  volts  and  varies  with  meter 
indication. 

INPUT  RESISTANCE:  for  voltage  measure¬ 
ments  input  resistance  in  megohms  is 
indicated  by  selector  switch.  On  the 
"infinity"  position,  resistance  is  greater 
than  20,000  megohms. 

TEMPERATURE-HUMIDITY  EFFECTS:  over 
normal  room  temperature  and  humidity 
ranges,  accuracy  is  substantially  independ¬ 
ent  of  either. 

DIMmSIONS:  10  x  8  x  SVz  inches. 

WEIGHT:  8V^  pounds,  net. 


THIS  NEW  MEGOHMMETER  is  very  similar  to  the  usual  ohmmeter 
except  that  a  vacuum-tube  voltmeter  is  used  as  the  indicating 
device.  It  is  a-c  operated  and  direct-reading  in  five  overlapping 
ranges  from  2,000  ohms  to  50,000  megohms.  The  a-c  power  supply 
is  regulated  to  make  readings  of  the  instrument  independent  of 
supply  voltage  variations. 

This  megohmmeter  is  very  useful  for  moderately  high  resistance 
measurements  such  as  leakage  resistance  of  cables  and  insulating 
samples,  locating  defective  insulation  in  electrical  machinery,  and 
particularly  for  the  determination  of  moisture  content  of  wood, 
paper  and  other  products.  By  means  of  a  panel  switch  it  is  con¬ 
vertible  to  use  as  a  d-c  vacuum-tube  voltmeter  for  measurements 
up  to  100  volts,  d-c. 

The  Type  1861-A  Megohmmeter  is  convenient  to  use,  accurate 
and  stable. 

TYPE  1861-A  MEGOHMMETER . $130.00 


GENERAL  RADIO  COMPANY 

^  90  St.,  New  York  6  920  S.  Michigan  Ave.,  Chicago  5  9S0  N.  Highland 


Cambridge  39, 
Massachusetts 

Ave.,  Los  Angeles  38 
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FOR  M(HULF 
F-M  RADIO 


RH-7 

CliYSTAL  UMTS 


W  ii>r<l  r4»r  iill  toriiis  ot  iiiolulr  roiii- 

lnllni^ution^  (‘qtiiiiinnil.  KM-7  (‘r^^lal^ 

a  ^fan<iar<li/ali«>lI  on  oik*  hol<l(*r,  uitli 
an  option  ol  |»in>  or  uiri*  Irail.s,  to  <‘o\«‘r 
fmjiK'iK*)  ranjri*. 

Small,  ronipart.  ami  lK‘rnK*ti(‘all)  scalril. 
tin*  ^ol(l  vapor  platril  1(11-7  i>  Imilt  to  uith- 
^taml  ron::li  tri'atincnt  in  rvrrv  niohili*  radio 
applii'ation. 

Stamlardi/4‘  nou  uitli  1(11-7. 


w  i{m.  I  tut  tti  t  ij;ri\  kiu  x 


REEVE5%  HOFFMAN 


CORPORATION 

CHERRY  AND  NORTH  STREETS  •  CARLISLE,  PA. 


FIG.  2 — ConTentional  circuit  ior  single  im¬ 
age  alignment 


wetted  type  contacts  is  recom¬ 
mended  to  provide  the  clean  base¬ 
line  and  fast  action  required. 


Single  Image  Alignment 

A  common  arrangement  for 
single  image  alignment  is  shown  in 
block  form  in  Fig.  2.  Here  the 
sweep  generator  uses  sinusoidal 
modulation  and  a  sinusoidal  time 
base  is  used  to  produce  a  linear  fre¬ 
quency-time  pattern.  With  the 
modulation  and  time  btuse  voltages 
in  phase,  a  single  image  will  be 
seen,  assuming  no  distortion,  with 
the  up  and  down  sweeps  coinciding 
at  all  points.  With  this  arrange¬ 
ment  only  the  a-c  component  of  the 
rectified  wave  is  viewed  and  no 
knowledge  of  the  actual  instantan¬ 
eous  voltage  is  obtained. 

The  practice  of  using  a  sweep- 
width  very  wide  in  comparison  to 
the  pass-band  of  the  network  under 
test  to  obtain  two  points  of  assumed 
zero  voltage  (F„„  and  F„„),  may 
lead  to  a  false  picture  of  the  gain- 
frequency  trace.  A  more  accurate 
picture  of  the  steady-state  char¬ 
acteristic  of  the  net  vvork  under  test 
is  obtained  by  using  a  narrow 
sweep-width  and  the  baseline  for 
accurate  gain  measurements. 

Figure  3  shows  the  blanking  unit 
in  block  form  connected  to  the  com¬ 
mon  arrangement  of  Fig.  2.  The 


SWITCH 

TIME 

CONTROL 


I  PHASE- 

LINEAR  r,|v®”°h  shifter 
FROM  DIODE  ** -•-  TIME 

— •  ,  -  _  BASE 

AMP^  ■  '  ■  ■ 


FIG.  3 — Addition  of  tho  Boiolinor  prorides 
Mro  relerenco  trac* 
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An  IT&T  Associate 


Federors  Complete  New  Muhi-channel  Communication  System 

SPANS  ALL  OBSTACUS 


UHF,  Brood  Bond,  FM  Radio  Link 
and 

FTR  Carrriw  Telephone  and 
Telegraph  {quipment 


FTR  9>H*1  Short-Haul  Carrier. 


HfKAl  •  CMANNIl 

Will  COMMUNICATIOn  SYSTfM 

wHh  Redte  Lhdi  for  river  crottioe 


offer  you  now  floxibility  aid  Hoaomy 
for  muM^ihannol  wire  or  radio  sys^s 


Federal’s  new  UHF  broad  band  radio  link,  for  multi¬ 
channel  telephone  and  telegraph  service,  can  be  used 
as  a  complete  communication  system — or  as  an  inter¬ 
mediate  link  in  cable  or  open  wire  systems.  It  is 
especially  designed  to  provide  economical  communi¬ 
cation  over  mountainous,  swampy,  or  soft  terrain  where 
pole  lines  are  costly  or  impractical — and  for  spanning 
wide  rivers,  lakes,  bays  or  inlets. 

The  FTL-13A  radio  link  equipment  has  a  total  usable 
communication  bandwidth  from  200  to  60.000  cycles. 
It  operates  in  the  890  to  960  Me  UHF  band,  offering 
the  economy  of  low  transmitter  power  and  highly 
efficient  directive  antennas. 

Write  Federal  today  for  complete  information  on  this 
new  type  of  communication  system.  Dept.  H-113. 


Federal  Telephone  and  Radio  Corporation 


100  KINGSIANO  ROAD,  ClIFTON,  NEW  JERSEY 


MCEeiNO  rCDKRAL  VKARS  ANCAO...it  IT&T's  world  wide 
reseorch  and  engineerina  orgonizolion,  of  which  the  Federol 
Telecommunication  loborotoriet,  Nutley,  N.  J..  it  o  unit. 


In  Cnnodo:  Federal  Electric  AAenufecturing  Compeny,  ltd.,  Mentreel,  P.  O 
Expert  Ditiribvtert :  Internotionel  Stendord  Electric  Cerp.  67  Rreed  St.,  N.  V 
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^MltCO 


PHILCO 

VISUAL  ALIGNMENT 
GENERATOR 


PHILCO  7008.  The  only  instrument  of 
its  kind,  combining  all  functions  for 
complete,  accurate  visual  alignments  on 
Television  and  FM  receivers.  Includes  5 
diflferent  signal  generators  and  their  as¬ 
sociated  controls;  a  complete  oscillo¬ 
scope  with  centering,  gain,  focus,  in¬ 
tensity,  phasing  and  blanking  controls, 
and  power  supplies.  Separate  RF  probe 
permits  measurements  of  sensitive 
circuits  without  disturbance.  Removable 
crosshatch  screen  for  special  ultra-short 
3"  cathode-ray  tube.  Compartment  for 
storage  of  all  cables,  including  RF  probe. 


PHILCO 


MAKES  TEST  EQUIPMENT  HISTORY 


In  creating  precision  instruments  for  radio  measurements,  in  compact,  portable, 
inexpensive  form  .  .  .  Philco  engineers  hove  repeatedly  achieved  results  con¬ 
sidered  impossible  by  experts.  Especially  so,  in  the  new  Philco  7008  Visual  Align¬ 
ment  Generator  for  FM  and  Television  .  .  .  which  combines  in  one  economical 
instrument  functions  that  can  be  approached  only  by  a  cumbersome,  costly  collec¬ 
tion  of  conventional  devices.  The  7008  alone  performs  complete,  accurate  visual 
alignments  . . .  saves  the  test  engineer’s  time  . . .  makes  the  job  easier.  In  every  unit 
of  today’s  Philco  Test  Equipment  line  you  will  find  equally  important  advantages. 


WRITE  FOR  TECHNICAL  LITERATURE  TO:  PHILCO  CORP.,  PHILADELPHIA  34,  PA 


NO.  7008  PHILCO  VISUAL  AUGNMENT  GB4ERATOR 
NO.  7001  PHILCO  ELEaRONIC  ORCUIT  iMASTER 
NO.  7070  PHILCO  R.F.  SIGNAL  GB4ERATOR 


NO.  5072  PHILCO  CROSSHATCH  GENERATOR 
NO.  7030  PHILCO  DYNAAUC  TESTER 
NO.  7019  PHILCO  JUNIOR  SCOPE 


PHILCO  ELECTRONIC 
CIRCUIT  MASTER 


PHILCO  SIGNAL 
GENERATOR 

MODEL  7070.  Range  firdm 
100  kc  to  110  me — all  fun¬ 
damentals  !  No  switching 
trouble  at  any  frequency. 
Residual  output  less  than 
5  micro-volts !  Model  7170 
for  FM  also  available. 


MODEL  7001.  Uses  exclusive 
vacuum  tube  voltmeter  and 
electronic  bridge  circuit.  All 
ranges  and  functions  in¬ 
cluding  10,000  volts  AC  or 
DC.  Probe  available  for 
RF  measurements. 
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I  AND  THE  SECRET  IS  SCINFLEX! 

\  B«ndix-Sdntilla*  Electrical  Connectors  are  precision-built  to 

E  render  peak  efficiency  day-in  and  day-out  even  under  difficult 

t  operating  conditions.  The  use  of  "Sdnflex”  dielectric  material, 

^  a  new  Bendix-^ntilla  development  of  outstanding  stability, 

makes  them  vibration-proof,  moisture-proof,  pressure-tight, 
and  increases  flashover  and  creepage  distances.  In  temperature 
extremes,  from  —67“  F.  to  +300“  F.,  performance  is  remark¬ 
able.  Dielectric  strength  is  never  less  than  300  volts  per  mil. 

The  oontarts,  made  of  the  finest  materials,  carry  maximum 
currents  with  the  lowest  voltage  drop  known  to  the  industry. 
Bendix-Scintilla  Connectors  have  fewer  parts  than  any  other 
connector  on  the  market — an  exclusive  feature  that  means 
lower  maintenance  cost  and  better  performance. 

*IIEa.  u.k.  PAT.  OFF. 

Write  our  Sales  Department  for  detailed  information. 

•  Meitlwr«-proef,  Pi«ttur*-Hghl  •  Radio  Quiat  •  Singla-piac*  Insorta 

•  Vibration-proof  •  Light  Weight  High  Arc  Rotistonco  • 
Easy  Astombly  and  Disotsombiy  •  Lott  ports  than  any  other  Connector 


Available  in  all  Standard  A.N.  Contact  Gonfiguratums 


TUBES  AT  WORK  (continued 

phase-shift  network  in  the  Base- 
liner  is  adjusted  to  make  the  switch 
ON  time  Istart  with  either  F„„  or 
F«,..  The  switch  time  control  is 
used  to  adjust  the  switch  ON  time 
to  exactly  180  degrees. 

With  single-image  alignment, 
the  procedure  is  the  same  as  where 
no  blanking  is  used.  With  double¬ 
image  alignment,  the  blanking  is 
not  used  until  alignment  is  com¬ 
plete.  After  alignment  is  complete 
the  blanking  is  used  and  one  image 
disappears,  being  replaced  by  the 
baseline.  Absolute  gain  measure¬ 
ments  may  then  be  made. 

External  input  connections  allow 
the  use  of  any  switch  rate  from  one 
to  sixty  cycles.  'As  the  switch  con¬ 
tacts  are  single-pole  double-throw, 
the  unit  may  also  be  used  as  a  high 
speed  mechanical  switch  (up  to  60 
cps)  to  replace  an  electronic  switch. 
It  is  most  advantageous  where  one 
or  more  of  the  signals  to  be 
switched  has  a  d-c  component  that 
it  is  desired  to  preserve. 

Reference 

(1)  Frantz,  The  Transmission  of  a  Fre¬ 
quency  Modulated  Wave  Thnmsh  A  Net¬ 
work,  Proc.  IRE,  Mar.  1946. 


Photometer  incorporating  a  mag¬ 
netic  amplifier  has  an  indicating  in¬ 
strument  requiring  5  milliamperes 
for  full-scale  deflection  instead  of  a 
few  microamperes  as  is  usually  re¬ 
quired.  The  instrument,  made  by 
Electro  Methods  Ltd.  ( London, 
England)  is  thus  quite  rugged.  The 
photosensitive  element  can  be  either 
a  barrier  layer  or  a  photoemissive 
type  capable  of  delivering  0.1  micro¬ 
watt  at  3.5  microamperes  to  the 
magnetic  amplifier.  The  indicating 
instrument  requires  about  250  mi¬ 
crowatts  for  full-scale  deflection, 
and  thus  the  amplifier  provides  a 
power  gain  of  2,500;  it  is  linear 
within  ±2  percent  of  full-scale  out¬ 
put  over  its  operating  range.  A  5- 
percent  change  in  the  50-cps  power 
supply  voltage  produces  only  a  1- 
percent  change  in  output  current. 
Adjustments  on  the  meter  enable 
the  zero  and  sensitivity  to  be  set  to 
standards ;  the  meter  is  intended  for 
comparison  measurements  and  is 
calibrated  in  percent. 
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The  Magnet  that  gives 
Television  the  new  look 


Now  it’s  permanent  magnets  for  better  television  re* 
ception.  The  permanent  magnet  shown  above  keeps 
electrons  on  the  beam  ...  eliminates  blurring  of  the 
television  picture.  Once  the  set  has  been  focused  further 
adjustments  are  unnecessary.  And,  the  use  of  a  G-E  per¬ 
manent  magnet  results  in  greater  efficiency  since  no  heat 
is  generated  by  the  Cast  Alnico  ring  magnet. 

An  outstanding  feature  of  this  ring  magnet  is  the  very 
thin  wall  section  developed  by  G-E  process  engineers. 
Heretofore  this  was  possible  only  with  sintered  magnets. 
Better  permanent  magnets  as  well  as  new  applications  are 
constantly  being  developed  by  G-E  engineers. 

‘  Perhaps  you  can  improve  the  efficiency  of  your  product 
with  G'E  permanent  magnets.  General  Electric  will  be 
glad  to  work  with  you  to  improve  your  product.  Greater 
flexibility  of  magnet  design  is  possible  with  the  many 
G-E  permanent  magnet  materials  now  available.  All  are 
produced  under  rigid  quality  control  methods.  This  as¬ 
sures  you  of  receiving  magnets  of  the  highest  uniform 
quality  for  your  application. 


■  Clear,  sharp  lelevition 
reception  with  the  new 
G-E  Magnetic  Focusing 

TIm  mogiMlk  fl«M  s*t  up  by 
Hi*  assembly  focuses  Hie  elec* 
trail  b*am.on  the  television 
screen.  The  combined  effect  *f 
the  G-E  Cost  Alnico  6  permanent  magnet  and  a  smoil 
coil  produces  this  magnetic  field  aicial  with  the  tub* 
neck.  The  ring  magnet  supplies  the  bulk  *f  Hi*  mag* 
netic  flux  while  the  ceil  acts  as  a  vernier  odiustment. 
The  punched  pole  pieces  coilect  the  magnetic  flux  and 
direct  it  into  a  uniform  radial  pattern. 

Outstanding  advantages  of  this  new  assembly  or* 
Increased  efficiency  and  compactness.  Defocusing  du* 
to  lino  veltag*  fluctuation  and  warm-up  drift  I* 
eliminated. 


METALLURGY  DIVISION 
CHEMICAL  DEPARTMENT,  SECTION  CM-9 
GENERAL  ELECTRIC  COMPANY 
PITTSFIELD,  MASS. 

Please  send  me: 

□  Bulletin  CDM-1,  “G-E  Permanent  Magnets. 
Name _ _ _ _ Title  _ 


Company. 


Products  Mfrd 


Address. 
City _ 
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CANNON  ElECTRIC 

DEVELOPMENT  COMPANY 


|V 

CANNON 

ElECTRIC 


3209  Humboicit  Street,  Los  Angeles  31,  California 

Canada  &  British  Empire  —  Cannon  Electric  Co.,  Ltd.,  Toronto,  Ontario  •  World  Export 
Agents  (excepting  British  Empire)  Frozor  &  Hansen,  301  Cloy  St.,  Son  Francisco  11,  Calif. 


THE  ELECTRON  ART 

(continued  from  p  126) 


YOU  CAN  TELL  THE  QUAtl^ 
OF  THE  PLUG  BY  THE 

EQUIPMENT  IT  CONNECTS 


initial  VELOaTY. 
(ATU.I-.  / 


final  velocity 

»rr\ 


starting 

POINT  .. 


AN3O0O  460  CONDUIT  COUPLING  used 
for  connecting  either  flexible  or  rigid 
aluminum,  braas  or  other  conduit. 


the  X  =  2/  line,  termed  the  bEiae  line. 
The  coordinates  of  the  chart  (paral¬ 
lels  of  the  X  and  Y  axes)  cut  the 
base  line  at  45  deg. 

The  right-hand  edge  of  the  chart 
is  normal  to  the  base  line  and  con¬ 
tains  the  origin  of  the  chart;  this 
edge  is  termed  the  starting  line. 
In  operation,  the  starting  line  is 
placed  tangent  to  the  equipotential 
where  the  electron  starts  at  a  point 
distant  2i  from  the  origin,  marked 
the  starting  point;  the  unit  of  dis¬ 
tance  is  that  used  in  plotting  the 
chart. 

A  straight  line  is  projected 
through  the  starting  point  along 
the  direction  of  the  initial  velocity, 
intersecting  the  base  line  at  point 
A.  The  ratio  Ui/Un  or  f7»/f7i  which¬ 
ever  is  greater  is  computed.  If  the 
field  is  accelerating  (t7j>  I7o),  the 
coordinate  line  from  A  is  followed 
upward  and  to  the  left  to  the  inter¬ 
section  with  the  corresponding 
t/i/I/o  line  at  B,  then  back  to  the 
base  line  at  point  C.  A  straight  line 
is  projected  from  C  te  the  starting 
point.  This  line  indicates  the  new 
direction  of  the  electron  as  it 


Cannon  Type  "AN”  Receptaclea  on  G.  M. 
Giannini  ft  Co.  High  Pressure  Transducers. 


AN3064  BOX  CONNECTOR  used  with 
AN3066  Conduit  Coupling  to  form  a  ter¬ 
mination  inside  conduit  boxes  or  panel. 


Type  "K"  Type  "AN" 

HIGH  QUALITY  and  guarantees  of 
performance  have  long  been  leading 
factors  in  the  choice  of  connectors 
by  manufacturers  of  fine  electrical 
equipment.  Whether  in  the  Type 
"AN”  Series  or  "K”  (shown  above} 
or  any  of  the  11  other  major  type 
series,  engineering  skill  and  precision 
workmanship  combine  in  Cannon 
Plugs  to  match  the  quality  of  the 
equipment  they  connect. 


AN3068  CONDUIT  COUPUNG  ADAPT¬ 
ER  is  used  to  make  a  coupling  between 
any  two  male  threaded  conduit  fittings. 


Unless  specific  engineering  bulletins  are  required,  ask  for  C-47  Condensed  Catalog  giving 
a  summary  of  the  various  type  series  and  prices  in  many  types.  Address  Dept.  1-120. 
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;^CicU^  DEVELOPMENT  CO 

"Audio  Dovtlopi  tho  Finrit” 

2833  13th  AVE.  SOUTH  •  MINNEAPOLIS  7,  MINN 


For  Unusual  and  Difficult  Requirements 


THE  ELECTRON  ART  (continued) 

crosses  the  equipotential  U,.  A  line 
drawn  on  the  field  map  parallel  to 
this  line  vill  record  this  direction. 

The  point  where  the  electron 
crosses  Ui  is  found  by  locating  the 
midpoint  of  AC,  point  D  (which  can 
be  done  by  dropping  a  perpendicu¬ 
lar  from  B  to  the  base  line).  The 
straight  line  projected  from  D 
through  the  starting  point  to  [7, 
locates  the  intersection  of  f/,  by  the 
electron.  The  construction  is  then 
repeated  extending  the  path  to  an¬ 
other  equipotential  Ui,  and  so  on. 

If  the  field  is  retarding  the  only 
difference  in  the  construction  is 
that  point  B  is  above  and  to  the 
right  of  A,  and  C  is  to  the  right 
of  A  instead  of  to  the  left.  As  the 
electron  progresses  through  a  re¬ 
tarding  field,  there  comes  a  point 
where  the  construction  cannot  be 
carried  out  because  the  electron 
will  not  reach  the  next  equipoten¬ 
tial,  indicated  by  the  fact  that  the 
line  drawn  upward  and  to  the 
right  from  A  w’ill  not  intersect  the 
required  Ue/Ui  curve.  In  this  case 
the  line  is  brought  to  a  point  on  the 
X  axis.  The  value  of  Uo  is  divided 
by  Uo/Ui  at  this  point  to  obtain  the 
minimum  potential  that  the  electron 
will  reach.  ^ 

The  equipotential  so  found  con¬ 
tains  the  apex  of  the  electron  tra¬ 
jectory.  The  point  of  tangency  to 
this  contour  is  obtained  by  drop¬ 
ping  the  normal  from  the  inter¬ 
section  of  the  X  axis  to  D  and  draw¬ 
ing  a  straight  line  from  D  to  the 
limiting  equipotential  through  the 
starting  point. 

From  its  apex,  the  electron  curves 
back  to  the  starting  contour  Uo. 
The  position  and  direction  of  the 
electron  at  Uo  is  found  by  inverting 


•  Research 

•  Models 

•  Testing 

STEEL  When  a  steel  company  en¬ 
gineer  was  presented  with  a  problem 
of  testing  steel  with  an  application  of 
variable  frequency,  an  oscillator  out¬ 
put  impedance  as  low  as  *0.01  ohms 
was  required  over  a  wide  Frequency 
range. 

Through  the  aid  of  ADC  engineers 
and  the  use  of  special  ADC  designed 
transformers  a  regular  oscillator  was 
equipped  to  perform  the  test  satisfac¬ 
torily  with  great  savings  in  time  and 
money  to  the  steel  company.  Remem¬ 
ber  ADC  as  a  transformer  source  for 
unusual  and  difficult  assignments  as 
well  as  for  high  quality  and  depend¬ 
able  production  transformers. 


Research 


day  a  large  utility  company  has  a  sat¬ 
isfactory  communication  system  be¬ 
tween  its  central  location  and  its 
mobile  units  because  ADC  engineers 
worked  out  technical  transformer  ap¬ 
plications  for  the  maker  of  a  power 
line  carrier  telephone.  From  model 
stage  to  production  this  company  de¬ 
pended  upon  the  skill  of  ADC  trans¬ 
former  design  and  production.  You, 
too,  will  find  ADC  helpful  in  all  un¬ 
usual  model  work  as  well  as  produc¬ 
tion. 


Models 


ENGINEERING  The  devel¬ 
opment  of  a  computer  to  check  the 
muzzle  velocity  of  a  cannon  with 
greater  accuracy  required  many  spe¬ 
cial  transformer  applications.  This 
job  is  typical  of  scores  of  development 
tasks  presented  to  ADC  engineers 
from  university  laboratories,  com¬ 
munication  developments,  guided 
missile  programs  and  developmental 
engineers  everywhere.  ADC  supplies 
transformer  “know  how”  with  excel¬ 
lent  transformer  production  to  assure 
you  a  reliable  source  of  dependable 
transformers. 


Development 


Have  an  ADC  catalog  in  your  file  for  ready 
reference.  Write  us  about  your  special  problems.. 

Foreign  Inquirios  Solieitod.  Cobfo  addroti;  AUDEVCO  MINNEAPOLIS  // 


FIG.  4 — More  steps  give  higher  accuracy 
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Your  production  costs  can  be  materially  reduced — and  your 
products  simultaneously  improved — by  standardizing  on 
STUPAKOFF  CERAMICS!  Dimensionally  accurate,  cleanly 
made,  and  mechanically  strong,  they  speed  assembly  of 
your  components.  Highest  quality  in  electrical  properties 
insures  top  performance  of  your  products. 

Extensive  experience  in  the  design  and  manufacture  of  a 
wide  variety  of  ceramic  parts  gives  the  StupakofT  organiza¬ 
tion  a  fund  of  information  that  can  be  u^^eful  to  you  in 
'reducing  costs  and  improving  performance.  We  will  gladly 
place  our  knowledge  at  your  disposal. 


■^PJICERAMIC  AND  MANUFACTURING  CO. 


LATROBE,  PENNSYLVANIA 


Cable  Address:  StupakolT,  Latrobe,  Pa. 


ELECTRONICS  — September,  1948 


u  highest  quality  in 

•  MECHANICAL  STRENGTH 

•  DIMENSIONAL  ACCURACY 

•  ELECTRICAL  PROPERTIES 


The  BEHER  your  cor 


MOWER 


our  components 


our  costs . . . 
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THE  ELECTRON  ART  (conHnucd) 

the  construction  whereby  the  elec¬ 
tron  was  .followed  initially  from 
Ut,  to  the  apex.  For  this  puri>ose  the 
position  of  the  chart  on  the  field 
map  must  also  be  inverted  because 
the  electron  is  now  passing  through 
equipotentials  in  the  opposite  direc¬ 
tion.  In  general,  more  points  are 
needed  near  the  apex  than  in  other 
regions  to  retain  the  accuracy. 

Figure  4  shows  an  electron  path 
plotted  by  this  method.  Two  paths 
have  been  plotted  with  different 
numbers  of  points  to  show  the 
change  in  accuracy.  For  most  pur¬ 
poses  the  construction  with  fewer 
steps  will  be  adequate.  If  electrons 
enter  the  field  at  an  initial  emission 
velocity  17,  volts,  all  contours  on  the 
map  should  be  increased  by  Z7,.  The 
direction  of  emission  velocity  can 
be  arbitrarily  assigned. 

Several  other  graphical  methods 
have  been  described  for  plotting 
electron  paths.  The  simplest  and 
most  widely  used  constructs  the 
path  in  a  succession  of  arcs  of  cir¬ 
cles.*  Modifications  of  this  method 
to  overcome  the  disadvantage  on 
large  radii  of  curvature  have  been 
applied  to  the  electron  lens*  and  to 
the  cyclotron.*  Another  parabolic 
method  has  been  described  else¬ 
where.®  Under  the  last  reference 
the  reader  will  find  a  wide  survey 
of  other  methods. 

(1)  I,  Langmuir  and  K.  Blodgett,  Cur¬ 
rents  limited  by  space  charge  between 
coaxial  cylinders,  Physical  Review,  p  374, 
22,  1923;  also  p  49,  24,  1924. 

(2)  V.  K.  Zworykin  and  G.  A.  Morton, 
“Television",  p  73,  John  Wiley,  New  York. 

(3)  H.  Salinger,  Tracing  electron 
paths  in  electric  fields,  Blbctronics,  p  50, 
Oct  1937. 

(4)  K.  Spangenberg  and  L.  M.  Field, 
Some  simplified  methods  determining 
the  optical  characteristics  of  electron 
lenses,  Proc.  IRE,  p  138,  March  1942. 

(6)  W.  E.  Parkins  and  E.  C.  Critten¬ 
den.  A  graphical  method  for  determining 
particle  trajectories.  Journal  of  Applied 
Physics,  p  447,  June  1946. 


•  Omr  Engmsermg  Depsrl- 
sunt  will  assiss  you  m  the 
JesigM  mtd  applicmtkm  •/ 
bi^  guslitjfin*  pitch  gemrt, 
worsu,  ttc.,  without  ohUgo- 
tiom.  W *  mvits  you  to  submit 
your  prints  for  guotutiou. 


•  Gears  are  the  motivating  force  in  such  units  as  highly  sensi¬ 
tive  instruments,  fishing  reels,  timers,  tuning  devices,  or  gear 
reducers.  The  smooth  operation  and  often  the  success  of  these 
units  depends  on  the  quality  of  gears  used. 

•  Quality-made  gears  reflect  the  ability  and  experience  of  their 

maker.  In  turn,  they  also  reflect  the  reliability  of 
the  unit  in  which  they  are  installed. 

_  SIND  FOR  RULLITIN 


SIGNAL 

GENERATOR 


MODEL  78FM 

86-108  MC 


Also  Available  For 
Other  Frequency  Ranges 


Electronic  Circuit  has 
Logarithmic  Response 

By  A.  W.  Nolle 

Department  of  Physics 
University  of  Texas 
Austin,  Texas 

Instruments  for  measurements  in 
communications  and  acoustics  are 
most  useful  if  their  indicating  me¬ 
ters  have  uniform  decibel  scales; 
that  is,  if  they  are  logarithmic  in¬ 
struments.  Such  instruments  are 
more  versatile  if  the  voltages  that 
they  develop  are  logarithmically  re- 


1  to  100,000 

MICROVOLTS 

Vorioblo  Output 
With  NogligibU  Canrior  Lookago 
MODULATION:  400  cycle  internal  audio 
oscillator.  Deviation  directly  colibrated:  0 
to  30  kc.  and  0  to  300  kc.  Con  be  modu¬ 
lated  from  external  audio  source. 

Audio  fidelity  is  flat  within  2  db  from  dc  to 
15,000  cycles.  [Distortion  less  than  1%  at 
75  kc.  deviation. 


MANUf  ACTIIMI5  Of 

#»«•«*» 
PalMMNnttn 
n^RiMrAtn 
fuuneom  tmmMn 

UWf  RMb 

SWRftklNt*" 


The  Model  78FM 
when  used  with 
Meoiuremenlt 
Model  M-275 
Converter  pro¬ 
vides  output  in  the 
IF  ranges  of  4.5, 
107  and  217  me. 

Circular 
on  Reguest 
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Radio 
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STROMBERGCARLSON 


ton, 

ork. 

tron 

50, 


Miniatures,  standard  types,  and  famous 
Lock-Ins  are  all  included  in  the  Sylvania  line. 


Xn  the  leading  makes  of  home  radios— from 
portable  modek  to  console  combinations— 
you’ll  find  Sylvania  tubes  helping  to  assure 
fine  reception  and  lasting  service.  The  qual¬ 
ity  of  Sylvania  tubes  has  made  them  famous 
throughout  the  world. 

For  information  on  Sylvania  tubes,  see 
Sylvania  Distributors,  or  write  Radio  Tbbe 
Division,  Emporium,  Pa. 


^\^stinghouse 


hailicraffers 


RADIO  TRIES;  CATHODE  RAY  TRIES;  ELECTRONIC  DEVICES;  FLRORESCENT  LAaPS. 
nXTRRES,  WIRINS  DEVICES;  ELECTRIC  LIINT  RRLRS;  PRRTOFLASR  IRLRS 
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IMPORTANT  FACTS  TO  KEEP  HANDY 


/  PLAX  POLYETHYLENE  SHEET  AND  FILM 


STRETCHES  WITHOUT  TEARING 

Ev*ii  at  SMb>Mro  Tamparatares 
(Elonaation,  77**F.  300-500%) 


WATER-VAPOR  RESISTANT 

(Water  abterption,  24  hrs.,  0.01%) 


HIGH  DIELECTRIC  STRENGTH 
(Dialactric  constant  of  2.3  at 
froqnoncios  of  10’  and  10*) 


CHEMICALLY-RESISTANT 

(Not  affoctod  by  acids,  alcohols) 


CHEMICALLY-INERT 

(Non-toxic,  odorless  and  tasteless) 


ABOVE  ARE  A  FEW  of  the*  many  desirable  charac¬ 
teristics  that  make  for  apparently  limitless  applica¬ 
tion  possibilities.  The  possible  uses  of  Plax  polyethy¬ 
lene  sheet  and  film  have  been  barely  explored.  As 
a  leading  supplier  of  plastics  in  many  forms,  Plax 
can  be  of  real  help  in  exploring  the  application  of 
this  and  other  materials  to  your  product.  Please 
write  Plax  for  complete  details. 


k'WB 

r 

\  1 
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1 

P.  0.  BOX  1019  ^  HARTFORD  1,  CONNECTICUT 

in  Canada  ~  Canadian  Industries,  ltd.,*  Montreal 
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Type  BH6  is  available  up  to  100 
MC  and  can  be  furnished  to  meet 
all  standard  specifications,  military 
or  commercial.  This  means  your 
design  considerations  can  be  simpli¬ 
fied  by  elimination  of  unnecessary 
multiplier  stages.  Write  for  informa¬ 
tion  covering  latest  recommended 
oscillator  circuits  and  associated 
crystal  data. 


BLILEY  ELECTRIC  COMPANY 
UNION  STATION  ILDG.'EKIE, 


THE  ELECTtON  ART  (contiiiiitd) 

lated  to  their  inputs,  instead  of  the 
uniform  decibel  scale  being  obtained 
by  modification  of  the  meter  move¬ 
ment.  The  output  voltages  can  then 
be  applied  to  recording  instruments 
or  to  oscilloscopes,  thus  extending 
the  forms  in  which  the  logarithmic 
presentations  can  be  made. 

Conventional  circuits  for  this  ap¬ 
plication  use  nonlinear  components 
such  as  pentode  amplifiers,^  grid- 
cathode  rectification  in  triodes,*  and 
copper-oxide  rectifiers.*  The  circuit 
described  herein  uses  the  exponen¬ 
tial  characteristics  with  time  of  a 
resistance-capacitance  circuit,  thus 
obtaining  logarithmic  response 
from  an  inherent  property  of  the 
circuit  rather  than  from  an  approxi¬ 
mate  characteristic.  The  exponent¬ 
ial  response  to  square-wave  exicita- 
tion  of  R-C  and  R-L-C  circuits  is 
familiar  and  need  not  be  reviewed 
here. 


ELECTRIC  SOLDERING 
IRONS 

B'  “'y  built  for  the 
e  of  industrial 
L  Hove  plug 
IS  and  are  con- 
I  on  the  unit 
em  with  each 
I  part,  such  as 
ating  element, 
sily  removable 
and  replace¬ 
able.  In  5 
sizes,  from  50 
watts  to  550 
watts. 


Basis  of  Operation 

The  exponentially  decreasing  out¬ 
put  voltage  Ek  of,  for  example,  an 
R-C  circuit  is  Eg  =  E,  exp  —t/RC 
where  Eo  is  the  initially  applied 
voltage,  the  time  Tg  required  for 
the  output  to  decay  to  an  arbitrary 
value  Eg  is  Tg  =  RC(ME„  —  ln£7jt). 
This  equation  is  the  basis  for  the 


TEMPERATURE 

REGULA.TNG 

STAND 


This  is  a  thermo*  W 
statically  con-  « 
trolled  device  for 
the  regulation  of  ^ 

the  temperature 
of  on  electric  soldering 
iron.  When  placed  on 
and  connected  to  this 
stand,  iron  may  be  main¬ 
tained  at  working  tem¬ 
perature  or  through  ad¬ 
justment  on  bottom  of 
stand  at  low  or  worm 
temperatures. 


SQUARE  WAVE 


OUTPUT  OF  R-C  CIRCUIT 


OUTPUT  OF  R-C  CIRCUIT 


I  INDICATOR  j  C^JRRENT 


110-1 


FIG.  1 — (A)  Response  to  a  repetitiye  square 
wQTe.  and  (B)  sampling  action 
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By  way  of  illustration  ...  1.  Du  Mont  transmitter  unit  utilizing  Du  Mont  cathode-ray  tubes  as  indicators. 
2.  Du  Mont  television  field  equipment  for  picking  up  remote  programs.  3.  Scientific  research  in  medicine,  aided 
by  Du  Mont  oscillography.  4.  Du  Mont  Television  Transmitting  Control  Console  utilizing  Du  Mont  cathode-ray 
tubes.  5.  Du  Mont  Type  208-B  oscillographs  used  in  nuclear  research.  6.  Du  Mont  Type  280  oscillograph  for 
precision  measurements  of  television  waveforms  utilizing  the  Type  5RP-A  high-voltage  tube.  7  Typical  scene  in 
most  radio  repair  shops,  where  servicemen  make  their  diagnosis  with  a  Du  Mont  Type  274  oscillograph.  8.  Du 
Mont  Chatham  table  set  with  a  12-inch  Du  Mont  picture  tube  for  clear,  bright,  truly  superlative  pictures. 
9.  The  symbol  of  quality  cathode-roy  tubes  — always  your  best  buy 


^  Yes,  it's  all  in  the  tube!  No  matter  what  the  end  use- 
in  all  fields  of  radio-electronics— youll  find  the  omni¬ 
present  cathode-ray  tube  — the  Du  MONT  cathode-ray 
tube. 

If  it's  nuclear  research,  transmitter  signal  studies, 
television  monitoring,  high-speed-transient  oscillog¬ 
raphy,  television  receivers,  examination  of  mechanical 
phenomena,  medical  research,  production  testing,  or  a 
multitude  of  other  application  s,  experience  teaches 


that  ONLY  the  cathode-ray  tube  is  always  adequate  as 
an  indicating  and  measuring  device. 

And  among  the  makers  of  cathode-ray  tubes, 
Du  Mont  is  foremost  by  virtue  of  many  years'  ex¬ 
perience  and  ever-continuing  pioneering. 

So  it  is  wise,  always,  to  specify  Du  MONT  when 
ordering  a  new  or  when  replacing  an  old  cathode-ray 
tube.  And  remember,  only  Du  MONT  makes  a  full 
range  of  cathode-ray  tubes. 


0  AI.LZM  •.  OU  MONT  LABORATOMIEZ,  INC. 


^  LHorature  on  request 


ALLEN  B.  DU  MONT  LABORATORIES,  INC.,  PASSAIC,  N.  J. 
CABLE  ADDRESS:  A  L  B  E  E  D  U,  NEW  YORK,  N.Y.,.U.S.A. 


if  rf/(f€:>rrorrcD  —  describes  and  gives  full  dimen¬ 
sional  and  electrical  data  on  the  many  types  of  HELIPOTS  that  are 
available  .  .  .  from  3  turn,  diameter  sizes  to  40  turn,  3  '  diameter 

sizes  ...  5  ohms  to  500,000  ohms  .  3  watts  to  20  watts.  Also  Dual 

and  Drum  Potentiometers. 
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logarithmic  circuit.  If  either  the 
applied  voltage  or  the  arbitrary  ; 
smaller  voltage  is  made  a  constant 
of  the  apparatus,  the  partial  decay  i 
time  Tk  becomes  a  linear  function 
of  the  logarithm  of  the  other  volt¬ 
age.  In  practice  it  is  simpler  to  fix 
Ek  and  to  use  Eo  as  the  variable  to 
whose  logarithm  the  instrument  re¬ 
sponds.  The  instrument  is  then  de¬ 
signed  so  that  a  measurement  is 
made  of  the  time  interval  for  the 
voltage  under  test  to  decay  to  a 
standard  value.  This  one  measure¬ 
ment  is  sufficient  to  give  the  loga¬ 
rithm  of  the  amplitude  of  the  volt¬ 
age. 

Practical  Circuit  Design 

Because  most  voltages  that  are 
to  be  measured  vary  with  time  and 
because  continuous  indications  are 
usually  desired,  it  is  necessary  to 
repeat  the  process  continuously. 
When  this  is  done,  a  succession  of 
time  measurements  is  delivered  to 
the  final  indicating  device  in  such 
electrical  form  that  an  averaged  in¬ 
dication  of  its  logarithmic  level  is 
always  presented. 

The  repetitive  action  can  be  pro¬ 
duced  simply  by  applying  a  square 
wave  whose  amplitude  is  propor¬ 
tional  to  that  of  the  input  signal  to 
an  R-C  or  R-L  circuit.  The  output 
from  an  R-C  circuit  is  shown  in 
Fig.  lA  in  relation  to  an  applied 
square  wave  of  amplitude  E^.  Be¬ 
cause  the  capacitor  does  not  charge 
completely  each  half  cycle,  the  peak 
output  voltage  is  £7o  =  £’»(!  +  F) 
where  F  =  tanh  (T/dRC),  T  being 


D*  you  hov*  complct*  data 

oa  ffha  ravalwtionary  naw  NEllROT— th*  halical 

patawtlaiftar  "rhm>rtat  that  previdat  many  Hmat  gracrtar 

control  accuracy  at  no  IncraoM  In  panal  spaes?. . .  or  on  tho  oqually 

uniqao  ouooiAl  that  graatly  timpliflos  turns-indicating  applications?  If  you  aro 

dosigning  or  manufacturing  any  typo  of  pracision  oloctronic  oquipmont,  you 

should  hovo  this  holpful  cotoiog  in  your  roforanco  fiios . . . 


the  precision  construction  features 
found  in  the  helipot  . . .  the  centerless  ground  and  polished 
stainless  steel  shafts— the  double  bearings  that  maintain  rigid 
shaft  alignment— the  positive  sliding  cont'act  assembly— and  many 
other  unique  features. 


wave.  At  the  end  of  each  half  cycle 
the  voltage  has  decayed  to 
£’«(!  —  F).  In  practice  the  log¬ 
arithmic  response  circuit  must  be 
designed  so  that  F  is  nearly  equal 
to  unity  if  differences  of  the  order 
of  20  db  are  to  be  registered.  Thus 
the  peak  output  voltage  of  the  R-C 
circuit  is  essentially  equal  to  the 
peak-to-peak  amplitude  of  the 
square  wave. 

The  time  required  for  the  output 
voltage  of  the  R-C  circuit  to  decay 
to  the  fixed  value  Eg  is  Ti 


/t  Pescrtkes 


and  illustrates  the  various  spe¬ 
cial  HELIPOT  designs  available— double  shaft  extensions,  multiple 
assemblies,  integral  dual  units,  etc. 


Measure¬ 
ment  of  Tg  will  give  the  correct  in¬ 
dication  of  the  logarithmic  ampli¬ 
tude  of  the  square  wave  provided 
that  the  peak  voltage  Fad  -|-  F)  is 
(1)  greater  than  the  reference  volt¬ 
age  Eg  but  (2)  small  enough  that 


If  you  use  precision  electronic  components 
in  your  equipment  arid  do  not  have  a  copy  of  this  helpful  Helipot 
Bulletin  in  your  files,  write  today  for  your  free  copy. 
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OFF  THE  SHELF 
SERVICE  ! 


REQUEST 


117  LAFAYETTE  S 


£LiCT/tO'T£CHt,u^ 

ELECTRICAL  INSTRUMENT 
HEADQUARTERS 

The  Largest,  Most  Complete  Stock 
of  Electrical  Instruments 


Here’s  your  simple  guide  for  every  type 
of  electrical  instrument  and  control  from 
ammeters  to  tachometers.  No  need  to 
check  through  dozens  of  catalogs.  No 
need  to  make  telephone  calls  by  the  hour. 
And  no  need  to  spend  your  valuable  time 
shopping  from  house  to  house  or  clog¬ 
ging  your  office  with  salesmen.  Here 
within  the  covers  of  this  catalog  are  64 
pages  jam-packed  with  over  3,000  in¬ 
struments  and  controls . . .  fully  described, 
illustrated  and  priced.  Just  to  give  you 
an  idea  of  the  wide  variety  of  types  in 
this  catalog,  we  list  a  random  dozen: 

FLUXMETERS  AMMETERS 

MEGGERS  SRIDOES 

AUDIO  VOLTMETERS  ELECTRONIC  COUNTERS 

OSCILLATORS  ARRUANCE  TESTERS 

PYROMETERS  ‘  ANALYZERS 

DECADES  VOLTMETERS 


Only  Electro-Tech,  the  world’s  largest 
jobber  of  electrical,  electronic  and  me¬ 
chanical  instruments  and  con¬ 
trols  can  offer  you  this  excep- 

-  n  tional  service.  Write  today  for 

—  1  Catalog  No.  48,  the  handy  guide 
1  for  instrument  and  control  buy- 
1  ers.  A  copy  is  waiting  for  you, 

Bp  1  No  obligation,  of  course. 
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The  Simple  Solution  to 
positioning  and  control 
of  variable  elements 


The  principle  problem  with  varic[ble  elements 
in  designing  electronic  equipment  is — location. 
You  wont  to  place  them  for  optimum  circuit 
efficiency,  easy  assembly  and  wiring.  At  the 
some  time  you  want  to  locate  their  controls  for 
convenient  operation  and  harmonious  panel 
arrangement. 

You  can  do  both  by  using  S.S. White  remote 
control  type  flexible  shafts  to  couple  the  ele¬ 
ments  to  their  dials.  These  shafts,  specially 
designed  for  the  fob,  give  you  smooth,  sensitive 
control  in  any  length.  They're  available  in  a 
wide  range  of  sizes  and  characteristics. 

WRITE  FOR  THIS  FLEXIBLE  SHAFT  HANDBOOK 

In  its  260  pages  you  will  find  all  the  iniormotion  and  technical 
data  you  need  to  work  out  applications.  A  free  copy  will  be 
mailed  you  write  for  it  on  your  business  letterhead  and 
mention  your  position. 


S.SWHITE 
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the  interval  Tk  is  less  than  half 
a  cycle. 

Figure  IB  shows  a  method  for 
obtaining  a  signal  indicative  of  T^. 
An  indicator  circuit  is  so  arranged 
that  current  of  constant  amplitude 
flows  through  an  indicating  instru¬ 
ment,  such  as  a  d-c  meter,  as  long 
as  the  output  of  the  R-C  circuit  is 
greater  than  Eg.  The  output  of  the 
indicator  circuit  is  thus  a  pulse 
train  modulated  in  width  in  pro¬ 
portion  to  the  logarithm  of  the  amp¬ 
litude  of  the  initial  square  wave. 
The  average  value  of  this  pulse 
train  produces  the  proper  steady 
deflection  of  the  indicating  instru¬ 
ment.  If  the  calibration  of  the  in¬ 
strument  is  to  remain  fixed,  it  is 
essential  that  the  period  of  the 
square  wave  be  constant. 

There  are  several  other  practical 
considerations :  The  square-wave 
generator  feeding  the  R-C  circuit 
must  have  a  constant  interna!  re¬ 
sistance.  Full-wave  operation  can 
be  obtained  if  the  indicating  circuit 
operates  on  both  halves  of  the 
square  wave,  responding  to  Eg,  then 
to  —Ek>  The  meter  deflection  per 
db  can  readily  be  controlled  by  vary¬ 
ing  the  resistance  of  the  R-C  cir¬ 
cuit.  Ihe  absolute  level  of  the  me¬ 
ter  scale  can  be  controlled  by  the 
amplification  of  the  input  signal  and 
by  the  magnitude  of  the  bucking 
current  through  the  meter,  which 
should  be  large  enough  that,  in  the 
absence  of  signal  input,  the  indi¬ 
cating  element  will  be  off  scale  so 
as  to  avoid  ambiguity. 


A  Specific  Circuit 


Figure  2  shows  the  diagram  of  a 
specific  circuit  which  has  a  log¬ 
arithmic  range  of  more  than  20  db. 
This  circuit  is  designed  for  measur¬ 
ing  alternating  voltages  and  there¬ 
fore  is  provided  with  an  a-c  ampli¬ 
fier  stage  and  a  balanced  voltage- 
doubler  rectifier.  This  rectifier  con¬ 
verts  the  signal  into  direct  voltages 
at  A  and  B  that  are  positive  and 
negative  respectively  by  equal 
amounts  as  compared  to  the  average 
potential  at  D. 

A  limiting  amplifier,  excited  by 
the  high  voltage  from  the  power 
transformer,  develops  a  square 
wave  at  D  whose  peak-to-peak  am¬ 
plitude  closely  equals  the  voltage 
difference  between  A  and  B  because 
of  the  action  of  the  limiting  diodes. 
A  variable  bias  current  is  obtained 
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-INPUTS 
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0^ME6 


,  0.22  MEG 


{86000 

;400 


y)000  ^20,000.  E* 


Here’s  the  sturdy  little  fellow  you've  been  looking . 
for — it  lets  you  design  for  compactness.  Thinnest 
switch  mode,  it  is  no  thicker  than  on  ordinary 
match  book  and  only  slightly  larger  than  a 
postage  stamp — yet  it  delivers  long,  dependable 
service  with  the  utmost  accuracy.  ACRO'S  exclu¬ 
sive  rolling  spring  action  is  the  key  to  its  superla¬ 
tive  performance — the  reason  why  it’s  the  choice 
of  hundreds  of  manufacturers.  Code  2MD3-1A 
approved  by  Air  Materiel  Command.  Write  for 
further  details. 
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THE  ACRO  ELECTRIC  COMPANY 

1316  SUPERIOR  AVENUE  •  CLEVELAND  14,  OHIO 


j  from  G  to  assure  that  both  the  recti- 
I  Tying  and  the  limiting  diodes  oper¬ 
ate  only  within  their  linear  regions. 
This  bias  is  desirable  to  avoid  op- 
i  eration  of  the  diodes  in  their  low- 
current  regions  where  there  is  con- 
j  siderable  variation  of  plate  re- 
j  sistance,  thus  improving  the  linear- 
j  ity  of  the  circuit  at  low  levels.  The 
I  rectifier-limiter  circuit  is  adjusted 
'  so  that  changes  of  input  level  pro- 
j  duce  very  little  variation  of  direct 
1  voltage  level  at  D. 

The.  portion  of  the  circuit  de- 


FIG.  2 — Circuit  diagram  oi  instrument  hav¬ 
ing  full-scale  response  of  20  db 


Model  M  Sited  with  No.  A-18 
Leaf  Actuator  Bracket.  Alsa 
furnished  with  Roller  Leaf, 
No.  A-1SM.  Underwriters' 
Lab.,  Inc.  Insp.  10  Amps,  123 
V.,  5  Amps,  250  V.,  A.  C. 


Coin  Model  M  with  No.  A>22 
Wire  Leaf  Actuator  for  coin 
operated  machines.  Length  and 
form  of  wire  can  be  made 
to  suit  job.  Underwriters’  ^ 
Lab.,lnc.  Insp.  3  Amps.  1 25 
V.,  3  Amps,  250  V.,  A.  C. 
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TO  ONE  SIDE  or 
H-V  VnNDING  OF 
POWER  TRANS  - 


86 

1+ 

1+  -1-^ 
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1 96,000  ; 

1  If" 

96poo| 
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LIL__ 

39,000  (2W) 


- - VW-^S+  23 

§  8,800  (lOW)  HH" 


09  MEG 


27,000  2,000 


HI  VOLT  POWER 

SUPPLIES 


HIVOLT 


PHOTOFLASH  CAPACITORS 


For  the  best  in  photoflash  capaci¬ 
tors,  specify  H  LA8TICON8  for  faster 
discharge  and  more  light.  Type 
AOCOE  are  the  lightest  photoflash 
capacitors  made,  more  flexible  to 
use.  safer  and  more  economical  than 
single  high  capacitance  large  block. 


PHOTO  FLASH 


4x2x1  H' 
4x2x1  H* 
4x2x114* 
4x2x1  «* 
4Mx4'4x3H 
8x4'i,x3K* 


PLASTICONS 

Hy  the  use  of  synthetic  plastic  film 
dielectrirs.PLASTICXlNS  can  be  made 
smaller,  lighter,  more  efficient  and 
more  economical  than  older  types  of 
capacitors  made  with  paper  and  mica 
insulation.  Plasticon  films  are  chem¬ 
ically  purer  and  more  uniform.  Plasti¬ 
con  capacitors  have  a  longer  life  and 
can  operate  under  more  severe  con¬ 
ditions. 

SPECIAL  PUSTICONS 

Taking  advantage  of  the  wide  variety 
of  plastic  film  dielectric  character¬ 
istics,  Plasticons  are  engineered  to 
meet  many  special  applications.  We 
can  furnish  capacitors  for  200°C-  for 
pulse  network  duty;  close  tolerances; 
ultra  high  resistance.  Send  us  your 
specifications. 


GLASSMIKES  ASG 


Designed  totransfonn 
118  VAC  to  high  volt¬ 
age — low  current  DC 
tor  use  ill  radiation 
counters,  osclllos- 
c  ipes.  dust  precipita¬ 
tors.  trojectlon  tele¬ 
vision  sets,  specto- 
graphie  analysers, 
photoflaab  equl^ent . 
etc.  Hi  Volt  Power 
S'ipplles  are  seh-oon- 
t  Inedinnermeticaily 
s  ‘aled  steel  eon- 
t.iliie.s. 


Type  A8a  are  Plasticon  A  dieleotrio-sllieone  fluid 
Iniprwnated  capacitor  elements  in  hermetically 
sealea  glass  tubes.  Temperature  range  —  60°  C  to 
+  12.5°  c.  The  smallest  and  lightest  high  voltage 
capacitors  made.  Type  ASQ  are  Ideai  for  DC  and 
low  treuuency  AC  applications 


VDC 

DlfnentlOfis 

Your 

Cost 

2400 

3*4x3  «x5K* 

SI  1.14 

2400 

3*4x3Hx5H* 

15.14 

5000 

4*4x334x6  >4* 

38.22 

10000 

4*4x3  34x8* 

58.80 

30000 

7x7x7* 

I47.CO 

Cat. 

No. 

Cap. 

Vfd. 

Volt* 

D.C. 

Your 

Coat 

ASG  1 

.01 

600 

••4xl*»* 

S  AS 

ASG  2 

.02 

600 

'•4x1*4* 

.94 

ASG  3 

.05 

600 

••4xl*.4* 

1  .03 

ASG  4 

.1 

600 

HxlH* 

1  .15 

ASG  5 

.25 

600 

•*4x2l<* 

1  A2 

ASG  4 

.5 

600 

lHx2t4* 

1  .53 

ASG  7 

.005 

1.000 

••4x1*4* 

A8 

ASG  8 

.01 

1.000 

>•4x1  *a* 

.94 

ASG  9 

.02 

1.000 

'•4x1*  a* 

1  .00 

ASG  !• 

.05 

1.000 

«xlt»» 

1  .09 

A.SG  11 

.1 

LOGO 

Hx2t»* 

1  AS 

ASG  12 

.25 

1.000 

*•4x2  H* 

1  A7 

ASG  13 

.002 

2.0<)P 

••4x1*4* 

1  .12 

ASG  14 

.005 

2.000 

'  *4x1*4* 

1  A1 

ASG  15 

.01 

2.000 

••4x1*4* 

1  A2 

ASG  14 

.02 

2.0Q0 

••4x1*4* 

1  A7 

ASG  17 

.05 

2.000 

HxlH* 

1  .89 

ASG  18 

.1 

2.000 

’•4x2  X* 

1  AS 

A.G  14 

.25 

2.000 

lHx2H* 

2.18 

A  ,G  24 

.001 

3.000 

••4x1*4* 

3.03 

ASG  21 

.002 

3,000 

••4X1*4* 

3.09 

ASG  22 

.005 

3.000 

••4x1*4* 

3.18 

ASG  23 

.01 

3.000 

••4x1 ’4* 

3  AS 

ASG  24 

.02 

3.000 

hxlH* 

3  A4 

ASG  25 

.05 

3.000 

*•4x2  K* 

3.82 

ASG  24 

.1 

3.000 

lHx2H* 

3.92 

ASG  27 

.001 

5.000 

••4x1*4* 

3  A2 

ASG  28 

.002 

5.000 

••4x1*4* 

3.94 

A  SG  24 

.005 

5.000 

••4x1*4* 

4.09 

ASG  34 

.01 

5.000 

HxlH* 

4  A8 

ASG  31 

.02 

5.000 

«x2X* 

4A0 

A3G  32 

.05 

5.000 

lHx23i* 

4.79 

ASG  33 

.1 

5.000 

lHx3H* 

5.35 

ASG  34 

.001 

7.500 

•*4x1*4* 

4.12 

ASG  35 

.002 

7.500 

••4x1*4* 

4.28 

ASG  34 

.005 

7.500 

HxlH* 

4  A4 

ASG  37 

.01 

7.500 

Xx2H* 

4.79 

ASG  38 

.02 

7.500 

*•4x2  H* 

5A4 

ASG  34 

.05 

7.500 

lHx2H* 

8.78 

ASG  44 

.0005 

10.000 

•*4x1*4* 

4  A9 

ASG  41 

.001 

10.000 

••4x1  *4* 

4  A1 

ASG  42 

.002 

10.000 

••4x1*4* 

4.59 

ASG  43 

.005 

10.000 

HxlH* 

5A9 

ASG  44 

.01 

10.000 

••4x2  It* 

8.17 

ASG  45 

.02 

10.000 

lHx214* 

7  A5 

ASG  44 

.03 

10.000 

lHx3H* 

8  A2 

ASG  40 

.06 

10.000 

lHx3H* 

10  A9 

ASG  47 

.0005 

15.000 

*•4x2  H* 

8  A3 

ASG  48 

.001 

15.000 

*•4x2  «* 

8.70 

ASG  44 

.002 

15.000 

lHx2ti  * 

9.12 

ASG  54 

.0005 

20.000 

lHx3H* 

1  1  A7 

ASG  51 

.001 

20.000 

lHx3H* 

ASG  52 

.0005 

30.000 

lHx3H* 

INDUSTRIAL 
and  TRANSMiniNG 

gv  Plasticon  A  element: 
Ma  a  mineral  oil  impregnated 

■f  l||F  In  sturdy  lead  coated  steel 

,  - T/IrT--  containers.  Pmaller, 

lighter  and  more  econom- 
Ical  tbaiM>aper  eapa- 

D  reetangiil/r^Ty pe 

■  f  AOCO-flattenw  oval. 

B  i  Type  ASC  and  ASCO 

B  W  (nut listed)  have Plas- 

B  •  ticon  A  element,  sill- 

VyiHI  cone  Impregnated, 

"“w  Hams  dimensions  as 

I  ffll  corresponding  AO 

' - ^  types.  Temperature 

range  — 60°  C  to  +  125°  C;  greater  capacitance 
stability.  Pslces  on  application. 

DC  RECTANGULARS 


RF  GLASSMIKES 


n  Plasticon  L 

style  case.  Type  L80  has  Q  of  2500  to  5000.  Rated 
at  3500  WV — 7500  V  Teat.  Lower  losses,  more 
easily  mounted,  smaller  and  more  economical  than 
mica  capacitors. 


Cat. 

No. 

Cap. 

Mfd. 

DImentlont 
OD  Length 

Your 

Coat 

LSG5M 

.00005 

••4xl’4* 

s.iF 

LSGI81 

.0001 

••4x1*4* 

.88 

LSG251  • 

.00025 

••4x1*4* 

.88 

LSGSei 

.0005 

••4x1*4* 

.88 

LSG182 

.001 

••4x1*4* 

1.00 

LSG382 

.002 

Hx1*4* 

1.44 

LSG5e2 

.005 

HxlH* 

2.06 

LSGM2 

.006 

*•4x1 ’4* 

2.20 

LSG183 

.01 

*•4x1  H* 

2.49 

Cat. 

No. 


AOC4CI 

AOC«C2 

AOC6C4 

AOC«C8 

Aocecie 

AOCIMI 

AOCIM2 

AOCIM4 

AOCIM8 

AOCIMie 

A0C2M05 

AOC2M1 

AOC2M3 

AOC2M4 

AOC3M1 

AOC3M2 

AOC3M4 

AOC4M1 

AOC4M2 

AOC4M4 

AOC5M1 

AOCSM2 

AOC75C1 

AOCISMl 


I  Your 
Dimensional  Cost 


DC  OVALS 


Cat.  No. 


AOCCMC2  2.0 

A0C04C4  4.0 

AOCOIMI  1.0 
A0C01M2  2.0 

A0C03M01  0.1 

AOCOSMOl  0.1 
A0C05M025  0.25 

A0C05M0S  0.5 
AOCOSMOOS  005 
AOCOSMOl  0.1 
AOCOIOMOOS  0  05 


LABORATORY  CAPACITORS 

TYpe  LAO  (Olassmike  style)  and  Type  LAC 
( Rectangular  can )  have  the  lowest  dlelectrle  abe- 
sorptlon  of  any  capacitor  made.  Residual  charge  Is 
.01  —  .02°; .  Ilisslpatlon  factor  at  1  MC  is  .0002 
to  .0003.  Capacitance  and  U  Is  constant  from  DC 
to  100  KC.  Reslstanoe  averages  one  million  megohms 
per  microfarad.  Standard  capacitance  tolerance  is 
=*=  5%.  Type  LA  units  are  used  for  timing  and 
integrating  circuits. 


Cat. 

No. 


LAGISl 

LAG2S1 

LAGMI 

LAGlt2 

LAG362 

LAGM2 

LAGU3 

LAG2S3 

LAGS63 

LACIM 

LAC2M 

LAC5S4 

LACIM 

LAC2t5 

LACS6S 


Dimension 


••4xl*li* 
"4xl*.k* 
'•^1*4* 
'•4x1*4* 
'•4x1*4* 
HxlH* 
HxlH* 
Hx2H* 
••4x2  H  * 
2)4xlHxl* 
2Hx2Hxl*** 
4x2HxP4* 
4x3HxlX* 
4x3Hx2V<* 
6x3)»x4*  * 


The  ahore  eondemaed  I'ermiom  ol  the  PiaHtlron  Lime  urttl  mppemr  in  the  mete 
ratmloga  ml  leadimp  eleetromir  dliitribmtora.  PlaHtleoma  mre  mammimetmred 
bff  Comdemaer  Produeta  Coimpamp,  Chirugm  22,  llltmola 
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THE  ELECTRON  ART  (continued) 

scribed  thus  far  generates  a  con¬ 
stant-frequency  (60  cps)  square 
wave  whose  amplitude  is  propor¬ 
tional  to  that  of  the  input  signal. 
This  square  wave  is  amplified  and 
applied  to  the  R-C  circuit.  The  ef¬ 
fective  resistance  of  this  circuit  in¬ 
cludes  the  generator  impedance  con¬ 
tributed  by  the  amplifier  stage.  Re¬ 
sistance  R  is  adjustable  so  that  the 
desired  scale  factor  can  be  obtained 
on  the  indicating  instrument..  The 
circuit  is  terminated  on  a  low-im¬ 
pedance  bleeder  that  provides  the 
reference  £7*.  The  values  shown 
produce  a  20-db  scale  on  a  1-ma 
meter ;  a  30-db  scale  can  be  obtained 
by  reducing  the  30,000-ohm  fixed  re¬ 
sistor  to  15,000  ohms  and  adjusting 
Ek  to  about  5  volts. 

The  output  of  the  R-C  circuit 
feeds  a  two-stage  directly  coupled 
amplifier.  In  the  absence  of  signal 
the  reference  voltage  Et  at  the  grid 
of  the  first  stage  acts  to  cut  off  the 
second  stage.  The  plate  of  the  sec¬ 
ond  stage  is  then  at  a  higher  po¬ 
tential  than  the  indicating  instru¬ 
ment  circuit  at  H  and  no  current 
passes  the  diode.  When  signal  is 
present,  the  second  stage  of  the  d-c 
amplifier  conducts  whenever  the 
output  of  the  R-C  circuit  is  less 
than  its  average  value  by  at  least 
Ek.  During  these  intervals,  con¬ 
stant  current  passes  through  the 
meter  M.  Neon  bulb  N  regulates 
this  constant  current.  Control  X 
determines  the  magnitude  of  re¬ 
verse  meter  current  employed  to 
place  the  zero  off  scale;  it  may  be 
used  as  a  fine  adjustment  to  set  the 
end  of  the  scale  to  correspond  to  a 
specified  input  voltage. 

Response  of  the  Meter 

The  frequency  response  of  the 
instrument  and  its  absolute  sensi¬ 
tivity  within  gross  limits  are  de¬ 
termined  by  the  input  amplifier, 
which  is  conventional.  The  full- 
scale  indication  of  the  instrument 
as  shown  in  the  circuit  diagram 
corresponds  to  an  input  of  about  3 
rms  volts. 

With  the  instrument  adjusted 
for  a  30-db  scale,  it  is  accurate 
within  0.1  db  over  the  top  20  db. 
If  the  linearity  control  is  properly 
adjusted,  this  accuracy  can  be  ex¬ 
tended  over  the  full-scale  range. 
Thus,  while  it  is  possible  to  secure 
substantially  ideal  performance 
over  a,  30-db  range,  this  result  is 


when  a  cast  is  executed.  These  gears 
withstand  the  strain  of  hauling  in  a  fighting  fish  oi 
un|)redictable  size  and  strength,  thus  rendering  a  dual 
purpose:  speed  and  velvety  smoothness  in  one 
direction— strength  and  durability  in  the  other. 

Instruments  and  machines  have  individual  gear 
problems.  For  over  a  quarter  of  a  century,  Quaker 
City  Gear  Works  has  solved  thousands  of  them 
and  produced  millions  of  gears  of 
every  description  up  to  60"  in  diameter 
for  manufacturers  in  many  diversified  industries. 

Aircraft  controls,  dental  drills,  electric  clocks,  " 
gauges,  indicators,  heat  controls,  machine  tools, 
radar,  radios,  washing  machines  and  motion  picture 
projectors  are  but  a  few  of  the  many  conveniences 
of  modern  progress  which  depend  upon  the 
heartbeat  of  Quaker  City  Gears.  Your  gear  problem 
is  our  business,  our  large  productive 
capacity  is  at  your  service. 

YOUR  INQUIRIES  WILL  RECEIVE  PROMPT  ATTENTION 


Caslornotic 


uaker  City  Geai  Works 


1910  N.  Front  Street 
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THE  ELECTRON  ART  (coatinMd) 

only  obtained  by  careful  correction 
of  the  rectifier  and  limiter  diodes. 
Therefore  the  circuit  is  shown  for 
a  20-db  scale  for  which  critical  ad¬ 
justments  are  unnecessary.  The  | 
sensitivity  of  the  instrument  to  line  ^ 
voltage  changes  is  0.07  db  per  volt,  i 
which  represents  a  uniform  scale  ' 
drift. 

Design  Limitations 

The  serious  source  of  error  is  the 
rectifier-limiter  circuit.  The  portion 
of  the  meter  following  the  rectifier- 
limiter  circuit  of  Fig.  2  is  accurate  * 
within  ±0.2  db  over  a  SO-db  range. 

If  it  were  required  to  redesign 
the  meter  for  a  30-db  range,  an  in¬ 
put  stage  having  a  larger  output 
capability  than  the  6SJ7  would  be 
necessary  so  that  the  rectifiers  and 
limiters  could  be  operated  farther 
into  their  linear  ranges.  If  this 
were  done,  the  square  wave  would 
have  to  be  attenuated  before  going 
to  the  grid  of  the  6V6  power  stage. 

The  maximum  useful  range  of  the  ' 
logarithmic  circuit,  which  begins 
after  the  limiter  diodes,  is  deter-  ' 
mined  by  the  finite  on-off  sensitivity  , 
of  the  d-c  amplifier.  This  sensitivity  > 
is  of  the  order  of  0.1  volt,  and  must 
be  small  compared  to  Eg  in  order 
that  sharply  defined  pulses  be  pro¬ 
duced.  Thus  there  is  a  lower  limit 
to  Eg  of  about  3  volts.  If  the  work¬ 
ing  range  of  the  circuit  is  to  be  as 
much  as  40  db,  the  peak-to-peak  un¬ 
distorted  output  of  the  square-wave  i 
amplifier  must  be.  greater  than  3  | 
volts  by  the  40  db  plus  a  safety 
margin  of  about  3  db,  or  400  volts 
peak-to-peak.  Because  of  this  re¬ 
quirement,  a  reasonably  portable  ; 
instrument  is  limited  to  about  30  i 
db  full  scale.  I 

The  R-C  filters  between  the  recti-  . 
fiers  and  the  limiters  are  important  ■ 
to  prevent  slow  periodic  variations 
of  the  instrument  indication  at  cer¬ 
tain  input  frequencies.  When  the 
input  frequency  is  nearly  a  multiple 
of  the  60-cps  square  wave,  ripple  in 
the  rectifier  output  is  sampled  in 
stroboscopic  fashion  in  the  limiting 
process.  Thus  a  10-percent  ripple 
component  in  the  rectifier  output 
could  produce  a  cyclic  1-db  variation 
in  the  instrument  indication. 

These  R-C  filters  are  the  chief 
factors  in  limiting  the  speed  of  re¬ 
sponse  of  the  instrument;  the 
values  for  them  shown  in  Fig.  2  are 
commensurate  with  the  mechanical 


m 


For  Inverting  D.  C.  fo  A.  C.  •  .  • 

Specially  Designed  for  operating  A.  C.  Radios, 
Television  Sets,  Amplifiers,  Address  Systems,  and 
Radio  Test  Equipment  from  D.  C.  Voltages  in 
Vehicles,  Ships,  Trains,  Planes  and  in  D.C.  Districts. 


New  Models 


AUTO  RADIO 

VIBRATORS 

A  ComphH  Line  of  Vibnion 
Designed  for  Use  in  Standard  Vibrator- 
Operated  Auto  Radio  Receivers.  Built 
with  Precision  Construction,  foafuring 
Ceramic  Stock  Spacort  for  Longer  Lasting 
Ufe. 


H  MODUV 
H  design^ 
ew 

UTERATURE 


BAnERY 

ELIMINATORS 


New  Models 


Per  DEMONSTRATING  AND  TESTING 
AUTO  RADIOS 

New  AAodels  .  .  .  Designed  for  Testing 
D.  C  Bectrical  Apparatus  on  Regular 
A.  C  Lines.  Equipped  with  Full -Wave 
Dry  Disc  Type  Rectifier,  Assuring  Noise¬ 
less,  Interference-Free  Operation  and 
Extreme  Long  Life  and  Reliability. 


American  Television  &  Radio  Co. 

CluciCctif  ^tocCuet'T  Smcc 

SAINT  PAUL  1,  MINNESOTA-U.  S.  A 
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PUSHOUT:  No  push¬ 
over  for  speakers  is 
this  magnet  test  which 
check.!  the  strength  of 
the  combination  of 
•seal  and  cement  up  to 
1500  pounds. 


THE  ELECTRON  ART  (continiiedl 

performance  of  usual  milliamme- 
ters.  If  .more  rapid  response  were 
desired  for  operation  of  a  high¬ 
speed  recorder  or  for  presentation 
of  the  results  on  an  oscilloscope,  it 
would  be  necessary  to  redesign  the 
instrument  for  operation  at  a 
higher  square-wave  frequency.  This 
change,  although  increasing  the  cir¬ 
cuit  complexity,  would  produce  a 
faster  response  by  providing  more 
rapid  sampling  and  by  permitting 
reduction  of  the  time  constants  of 
the  R-C  filters. 
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MEANS  FINER  SPEAKERS  FOR  YOU 


SURVEY  OF  NEW  TECHNIQUES 


Propagation  measurements  con¬ 
ducted  at  the  National  Bureau  of 
Standards  under  the  direction  of 
K,  A.  Norton  indicate  that  atmos¬ 
pheric  ducts  may  increase  the  range 
beyond  line  of  sight  of  f-m  broad¬ 
casting  stations  operating  in  the  88 
to  108  me  band.  The  effect  is  most 
pronounced  in  the  early  morning 
and  reaches  a  maximum  during  the 
summer  months.  (Ed.  Note:  List¬ 
eners  have  begun  reporting  recep¬ 
tion  of  distant  f-m  stations  now 
that  the  summer  is  here.)  The  in¬ 
creased  transmission  is  caused  by 
changes  in  refractive  index  in  the 
region  from  10,000  to  20,000  feet 
of  air  strata  of  different  tempera¬ 
tures  and  hence  different  densities. 
The  measurements  also  indicate 
that  increased  transmitter  antenna 
height  is  more  effective  in  increas¬ 
ing  range  than  increased  power. 
For  rural  areas,  receivers  that 
definitely  limit  with  signals  of  five 


combinations  of  elements 
and  to  the  final,  completed 
units.  The  test  shown  here  is 
only  one  of  the  many  that 
General  Electric  speakers 
face  as  they  roll  down  the 
production  lines. 

§This  unceasing 
care  in  building 
speakers  of  quality 
builds  confidence 
and  customer  satis¬ 
faction. 


ONLY  the  fit  survive  the 
stern  tests  our  G-E 
speakers  meet  on  the  produc¬ 
tion  lines.  At  frequent  inter¬ 
vals  speakers  are  picked  from 
the  lines  and  subjected  to  rig¬ 
id  tests  to  assure 
the  maintenance  of 
high  standards  in 
the  •  manufacturing 
process.  Test  after 
test  is  applied  to 
single  elements, 


Write  today  for  information  on  General  Electric  quality  speakers  to; 
General  Electric  Company,  Electronics  Park,  Syracuse,  N.  V. 


ELECTRIC 


GENERAL 
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Factory:  3824-26-28  TERRACE  STREET,  PHILADELPHIA  28,  PA 


THI  electron  art  (cMtinycd) 

microvolts  per  meter  will  not  be 
affected  by  natural  noise,  except 
possibly  strong:  local  lightning:. 
For  thO  most  part  fading  at  great 
distances  is  caused  by  multipath 
effects. 


Thickness  of  cigarette  paper  can 
be  controlled  to  within  0.2  micron 
(0.2  X  10"  meter)  by  a  beat-fre¬ 
quency  capacitance  meter.  The 
method,  being  applied  in  French 
factories  manufacturing  paper  hav¬ 
ing  a  thickness  of  about  0.001  milli¬ 
meter,  is  based  on  developments 
described  by  J.  Coulon  in  his  doc¬ 
tor’s  thesis  at  the  Faculte  des  Sci¬ 
ences  de  rUiiiversite  de  Toulouse, 
France.  The  thesis  reports  methods 
of  stabilizing  the  frequency  of 
crystal  oscillators. 


electronisms 


Linear  electrostatic  accelerator,  de¬ 
signed  to  yield  positive  ions  with 
energies  up  to  12  mev,  will  be  built 
at  the  University  of  California  Los 
Alamos  Scientific  Lab.  Although 
other  types  of  accelerators  capable 
of  higher  energies  are  operating  or 
under  construction,  there  is  need  in 
nuclear  technology  for  precise 
measurements  within  the  range  for 
which  this  new  machine  is  de¬ 
signed;  beam  energies  will  be  con¬ 
trollable  to  a  precision  of  one-tenth 
of  a  percent  (orbital  accelerators 
are  accurate  to  only  about  two  per¬ 
cent)  .  The  flexibility  of  the  energy 
controls  will  permit  experimenters 
to  select  particles  and  target  mate¬ 
rials  to  produce  monoenergetic  neu- 


thicknesses,  o 

,gh  conf.""®" 
oUns 

din.ws.ons 

..oreheW'®' 


meiut..  - 

operoVton 

,^e  correct 
the  precise 


Housing  for  accslsrator  accomraodatss  150- 
ton  crone  (A)  to  lUt  pressurised  generator 
(B)  so  that  Tital  ports  con  be  odiusted, 
stock  oi  annular  steel  plotes  and  insula¬ 
tors  (C)  inside  which  beam  is  formed  and 
accelerated  toward  deflecting  magnet  (D) 
that  directs  beam  into  target  room  (E) 
where  nuclear  reactions  will  be  produced 
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the  ELECTRON  ART 

iron  beams  of  any  energy  from  0.03 
to  30  mev.  The  accelerator  is  basic¬ 
ally  a  pressurized  version,  as  de¬ 
veloped  by  R.  C.  Herb  of  the  Uni¬ 
versity  of  Wisconsin,  of  the  Van  de 
Graaf  generator.  The  building  in 
which  it  will  be  housed  is  to  be 
located  at  the  base  of  a  cliff,  which 
will  give  lateral  bracing  to  the 
tower  and  serve  as  a  radiation 
shield  for  the  control  room  and  gen¬ 
eral  laboratory  that  will  be  located 
atop  the  nearby  mesa. 


V  REMOTE  CONTROL 
/rotary  solenoid  operated 


Laboratory ’RATS  carrying  minia¬ 
ture  radio  receivers  are  being  used 
at  the  University  of  California,  Los 
Angeles,  by  Dr.  J.  A.  Gengerelli. 
The  object  is  to  study  learning  and 
retention  traits  of  the  rats.  The 
rats  are  enclosed  in  mazes  through 
which  they  can  run  freely.  By 
means  of  a  radio  transmitter  tuned 
to  the  frequencies  of  the  rats’  re¬ 
ceivers,  electrical  impulses  can  be 


. . .  designed  for  use 
where  automatic,  remote-controlled, 
multiple  circuit  selection  is  needed. 


I  he  model  illustrated  is  a  six  pole,  six  position  circuit 
selector  with  standard  mounting.  Ledex  Circuit  Selector 
Switches  are  also  available  from  stock  in  the  following  models; 
three  pole  twelve  position,  and  six  pole  six  position,  all 
with  either  standard  or  panel  mounting.  Where  quantity 
requirements  justify,  specif  selectors  for  specific  applications 
will  be  engineered  and  priced  by  quotation. 

The  rotors  of  Ledex  Circuit  Selector  Switches  are  powered 
by  Ledex  Rotary  Solenoids.  This  compact,  powerful  solenoid 
is  converted  to  a  rapidly  oscillating  motor  by  means  of  a 
commutating  switch  and  return  spring.  Provisions  are  made 
to  operate  Ledex  Circuit  Selector  Switches  from  any  standard 
power  source. 

Precision  manufacture  to  exacting  specifications  and  indi¬ 
vidual  operating  tests  are  your  assurance  of  dependable,  long¬ 
life  service  under  severe  operating  conditions. 


Dt.  Gengerelli  ad)  nets  transmlHer  that 
tendi  impulses  to  tiny  crystal  rectiiier 
ploced  under  skin  covering  rat's  skull. 
Note  antenna  wire  projecting  above  rat 


delivered  to  their  brains.  In  this 
way  traits  that  might  be  influenced 
by  electrical  shock  can  be  studied 
without  the  hindrance  of  long  wires 
connected  to  the  rats. 


G.  H.  LELAND.  INC. 

118  Webster  Street.  Dayton  2,  Ohio 

Gentlemen.  Send  me  descriptive  literature  on  the  Ledex 
Circuit  Selector  Switch.  It  may  be  applicable  to  out  .  .  . 


(Pitas*  Print! 


A  GROUP  of  cemeteries  in  Chicago 
will  use  a  160-mc  Motorola  central 
station  and  a  radio  dispatcher  to 
help  in  the  maintenance  of  exten¬ 
sive  grounds  and  the  smooth  han¬ 
dling  of  funeral  processions. 


Company. 
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INSTRUMCNT  COMPANY 

MMUNOTON,  IOWA 


BALANCE  WEIGHTS 


AaUAl  SIZE 

CARBT 

MANUFACTUIERS  OF  PRECISION 

EYELETS  and  MULTIPLE 
PLUNGER  PRESS  PRODUQS 

The  Carby,,  Manufacturing  Company,  ipe- 
cialiftf  in  small  diameter  and  long  draw, 
through  years  of  experience,  engineering 
"know-how"  and  excellent  production  facil¬ 
ities,  can  accurately  produce  to  the  most 
rigid  requirements  every  electronic  require¬ 
ment  for  .  .  . 

e  GROMMETS 
•  EYELETS 
e  SOLDERLESS  LUGS 
e  TERMINALS 
e  FERRULES 

EYELETS:  Eyelets  can  be  produced  with 
square,  hexangular  or  round  barrels  with 
heads  to  match  or  in  any  wanted  com¬ 
bination. 

METALS:  Available  metals  in  .006  to  .032 
AWG.  Accurately  fabricated  on  eyelet  ma¬ 
chines  or  by  plunger  press  to  meet  any 
requirements  in  .  .  . 

ALUMINUM  COPPER 

BRASS  STEEL 

NICKEL-SILVER 

DELIVERY:  Prompt  delivery  is  a  specialty 
of  Carby.  Our  production  facilities,  mod- 
emly  managed,  is  at  your  command  to 
meet  any  reasonable  requirement. 

STANDARD  OR  MADE  TO  SPECS  .  .  . 

Many  standard  shapes  in  stock  but  we  spe- 
cialixe  in  fabricating  special  needs.  Send 
in  your  blueprints  for  prices,  deliveries, 
and  engineering  advice. 


ONI  or  A  SIRIiS 


BALANCE  WEIGHTS  of  helical 
type  phosphor  bronze,  formed  in  a 
manner  which  eliminates  slipping  or 
shifting,  are  used  to  balance  the 
moving  element.  All  ranges  AC  and 
DC  available  in  2f",  4^"  rec¬ 

tangular  or  round  case  styles  and  are 
guaranteed  for  one  year  against  de¬ 
fects  in  workmanship  or  materials. 
Refer  inquiries  to  Dept.  F98. 


If  you  ore  looking  for  hord- 
to-gat  or  special  dry  batteries, 
write  us.  We  design,  create 
and  manufacture  ta  your 
requirements. 


SEND  FOR  THIS  FREE  CATALOG 


SPECIALTY  BATTERY  COMPANY 

A  SUBSIDIARY  OF  THE  RAY-O-VAC  COMPANY 


MADISON  4.  WISCONSIN 


Do  you  need  a  DRY  BATTERY 

L  you  caif^t  find  ^ 


fffpECiAir^ 

kf 

/ 


There  is  u 


SPECIALTY 

DRY 

BATTERY 


w 


ugoAiTy 


speciol  need 


hMGTON  panel 
Imts  provide 


CABBY  MF6.  CO.,  INC. 


62'COnAGE’PLACE'--"''*"^'^ 


WATERBURY  5,  CONNECTICUT 
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(OPPeK  ARMORED  SISALKRAFT 


NfW  PRODUCTS  (cMti*w  . 

due  to  line  voltage  fluctuations. 
Readings  are  obtained  merely  by  the 
operation  of  an  on-off  toggle  switch, 
no  previous  current  adjustments  or 
calibration  being  required. 


Signal  Generator 

The  Rollin  Co.,  2070  N.  Fair  Oaks 
Ave.,  Pasadena  3,  Calif.  Model  30 
power-type  standard  signal  genera¬ 
tor  has  6  watts  nominal  r-f  output 
and  50-ohm  impedance  with  a  160- 
db  range  of  attenuation  and  c-w, 
a-m  or  pulse  operation.  It  can  be 


Sisal  Fibres 


Beiniorced  with  tough 


TELEVISION  AND  RADIO  STUDIOS,  TESTING  ROOMS. 
INDUSTRIAL  LABORATORIES.  AND  DIATHERMY.  RADAR 
AND  ELECTRONIC  EQUIPMENT 


The  success  of  COPPER  ARMORED  SISALKRAFT 
for  shielding  during  the  past  decade  suggests  that  you  might 
find  this  reinforced  "electro  sheet  copper"  product  praaical 
for  rooms  and  large  enclosures  or  equipment  requiring  elec¬ 
trostatic  shielding. 

SISALKRAFT  engineers  do  not  presume  to  be  authorities  on 
this  complex  subject.  We  shall  be  glad  to  cooperate,  however, 
on  the  basis  of  experience  gained  in  such  installations  as: 

Steinmetz  Hall,  New  York  •  Hollywood  Television  Studio  of  Don  Lee 
WBKB  Radio  Station,  Chicago  •  Sentinel  Television  Testing  Rooms 
Corn  Products  Company’s  Argo  Laboratory  •  Delco  Radio  Sets 
CBS  Radio  Testing  Laboratories 

. . .  and  other  applications  that  indicate  the  merit  of  COPPER 
ARMORED  SISALKRAFT  in  these  and  allied  fields. 

COPPER  ARMORED  SISALKRAFT  is  available  in  hoz.,2-oz., 
and  3-oz.  weights,  in  rolls  4"  to  60''  wide.  Reasonable  cost .  . . 
as  low  as  $9.23  per  100  square  feet  in  cost.  Send  for  samples. 


tuned  from  40  to  400  me  and  has  a 
spiral  dial  scale  equivalent  to  4 
feet  in  length.- 


Coil-Winding  Machine 

Associated  Production  Co.,  2655 
W.  19th  St.,  Chicago  8,  Ill.,  an¬ 
nounces  new  improvements  in  a 


coil-winding  machine  that  permits 
almost  micrometer  adjustment  of 
guide  roller  travel  through  positive 
electric  limit  switches.  The  machine 
winds  coils  of  all  types  in  16  gage 
to  42  gage  wire.  Maximum  arbor 
space  is  36  inches. 


A  Pxodnei  oi* . . . 

THE  SISALKRAFT  CO..  Chicago  6  •  New  York  17  •  San  Francisco  5 


The  SISALKRAFT  Co.,  205  W.  Wocktr  Drivo,  Dopt.  El,  Chicago  6,  III. 
please  send  samples  of  (■]  One-Ounce;  Q  Two-Ounce;  Q  Three-Ounce  COPPER 
ARMORED  SISALKRAFT.  The  use  I  contemplate  involves  (describe  briefly) 


Mobile  Dynamotor 

Gothard  Mfg.  Co  ,  2110  Clear  Lake 
Ave.,  Springfield,  Ill.  Model  GP-26 
dynamotor  was  designed  chiefly  for 
mobile  transmitters  but  is  suited  to 


Address- . 

— 

■  ■■■ 
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Wherever  industrial  electronic  equipment  is  sectionalized, 
Amphenol  AN  connectors  serve  with  efficiency  and  economy 
to  provide  quick  connection  and  easy  disconnect  for  servic¬ 
ing  or  movement. 

They  save  money  by  permitting  associated  wiring  for  one 
or  many  circuits  to  be  prefabricated,  thus  electronic  devices 
may  be  tested  at  the  factory  and  instantly  connected  for 
use  on  arrival.  This  greatly  simplifies  installation  and  servic¬ 
ing  procedures. 

Available  in  five  major  shell  designs,  each  of  which  accom¬ 
modates  over  200  styles  of  contact  inserts.  Amphenol  AN 
connectors  handle  voltages  up  to  22,000,  amperages  up  to 
200.  Types  with  pressure-proof,  explosion-proof  or  moisture- 
proof  housings  alsp  are  available,  as  are  standard  elements 
for  thermocouples. 

The  complete  new  Amphenol  "AN"  catalog  is  just  off  the  press. 
A  note  on  your  letterhead  will  bring  a  copy  immediately. 


AMERICAN  PHENOLIC  CORPORATION 

1830  South  54th  Avenue,  Chicago  50,  Illinois 
COAXIAL  CABLES  AND  CONNECTORS*  INDUSTRIAL  CONNECTORS,  FITTIN6S  AND 
CONDUIT  •  ANTENNAS  •  RADIO  COMPONENTS  •  PLASTICS  FOR  ELECTRONICS 
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A  typical  example  of  outstanding  Amphenol  design: — 

All  Amphenol  solder  pockets  face  in  one  direction — easy  to 
set  in  a  fixture — easy  to  solder — will  not  twist  or  turn — ideal 
for  low-cosi,  efficient  production.  Only  one  of  a  dozen  im- 
portcmt  features. 


S' 


‘^AN"  CONNECTORS 

Widen  the  Horizon  of 
Industrial  Electronics 


NEW  PRODUCTS 

(continued  from  p  1)0) 


into  a  50-ohm  load.  The  attenuator 
is  calibrated  in  c-w  or  peak  pulse 
power  or  voltage  into  a  60-ohin 
load.  Pulse  rate  is  40  to  4,000 
cycles.  Details  of  performance  are 
available. 


Dual-Chaimel  Recorder 

Amplifier  Corp.  of  America;  398-7 
Broadway,  New  York  13,  N.  Y. 
Model  910-B  Twin-Trax  magnetic 
tape  recorder  gives  fouf  continuous 
hours  of  recording  and  playback  at 
7i  inches  per  second.  Two  sound 
tracks  are  recorded  on  a  single  tape, 


one  in  one  direction  and  the  other 
in  the  reverse.  Frequency  response 
is  essentially  flat  from  40  to  10,000 
cps. 


Vacuum  Indicator 

George  E.  Fredericks  Co.,  Beth- 
ayres.  Pa.  The  Televac  Model  I 
vacuum  indicating  meter  has  a  scale 
calibrated  directly  in  the  range 
from  1  to  1,000  microns.  A  voltage 
stabilizer  mounted  within  the  port¬ 
able  meter  case  eliminates  errors 
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PIPE  COUPLlNCiS 


ELECTRICALLY  HEATED  PRESSIJBE  HEADS 


CONTlIVrOllS  FILM  RECORDING  CAMERAS 


AND  EQCIPMENT  FOR  CATHODE  RAY 


OSCILLOORAPHY,  ETC. 


We  undertake  the  Design, 
Development  and  Manufacthre  of 
any  type  of  Optical— Mechanical 
—Electrical  Instrument.  Includ¬ 
ing  Cameras  for  special  purposes. 


Avimo  Limited,  Taunton,  England  •  Telephone  Taunton  ^6)4 


Kotron't  metolllc  rectifying  elements  ore 
mounted  In  one  plane.  Plates  cannot  con¬ 
tribute  heat  to  each  other.  Result — Cooler 
Operation  .  longer  life  .  .  .  increased 
circuit  efficiency.  Wafpr-thin  Kotron  saves 
space,  mounts  easier. 

Write  for  Cemptefe  Technical  Data,  Prices 
and  Deiivery 


a  Mem.  Inverse  peak  voltage  360 

•  Average  operating  temp.  105*F 
e  Dimensions:  4-1/ 16”  X  1-1/16* 

X  5/33- 

*  Other  Sixes:  75  Ma.  and  200 


#A.CIARK  STRfET  •  NEWARK  4.  NEW  JERSEY 


DC  44  Silicone  Grease 
for  reliable 
permanent  lubrication 


mOTO  coumsT  motosola  mq 


OC  44  Silicent  Greow  p^rmanunHy  lubrkattt  tfm 
plung»r-$oht>okl  contact  turfani  in  Htii  Motorola 
Auto  Radio  push-button  tunor. 

Actual  performance  is  the  only  true  measure  of  a 
lubricant’s  quality.  That  is  why  more  and  more 
manufacturers  are  spedfying  Dow  Coming 
Silicone  Greases  for  their  lubrication  problems. 
Their  tests  show  that  longer  lubrication  life, 
greater  oxidation  resistance,  elimination  of 
gumming,  and  indifference  to  temperature 
extremes  are  all  characteristic  of  the  silicone 
greases. 

Motorola  Inc.  of  Chicago  had  a  lubrication 
problem  in 'their  auto  radio  push-button  tuner. 
The  tuning  is  accomplished  by  a  solenoid  and 
plunger  with  a  dash-pot  action  between  the 
two  for  smoother  operation.  A  thin  film  of  the 
lubricant  selected  had  to  be  permanent  and 
maintain  its  consistency  over  the  operating 
temperature  range  from  —20®  to  160°F.  to 
give  the  dash-pot  action. 

Their  engineers  tested  many  lubricants  but  the 
only  one  to  allow  satisfactory  operation  and 
still  lubricate  after  75,000  cycles  was  DC  44 
Silicone  Grease.  It  maintains  the  right  consistency 
to  give  snnooth  action  and  permanent  lubrication. 
Even  in  thin  films  this  silicone  grease  does  not 
run  out  or  form  gum. 

We  recommend  DC  44  Silicone  Grease  for 
permanently  lubricated  anti-friction  bearings, 
and  for  high  temperature  applications  up  to 
3S0°F.  DC  41  Silicone  Grease  is  recommended 
for  temperatures  up  to  450°F.  DC  33  Silicone 
Grease  is  both  a  low  and  a  high  temperature 
grease  and  is  recommended  for  use  from 
-95°  to  300°F. 

if  you  want  permanent  lubrication  or  have  high 
temperature  or  low  temperature  problems  it  will 
pay  you  to  investigate  Dow  Coming  Silicone 
lubricants.  Write  for  data  sheet  N  7-5  or  coll 
our  nearest  sales  office. 

DOW  CORNING  CORPORATION 
MIDLAND,  MICHIGAN 
New  York  •  Chicago  •  Cleveland  •  Los  Angeles 
Dallas  •  Atlanta 

In  Canada:  Flbergtas  Canada,  Ltd.,  Toronto 
In  England:  Albright  and  Wilson,  LtcL,  London 
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OZ.  OF  SMOOTH  PERFORMANCE 


new  products 


(coatinved) 


many  marine  and  aircraft  applica¬ 
tions.  It  is  available  in  a  range  of 
capacities,  with  power  output  rang¬ 
ing  up  to  80  watts  continuous  and 
150  watts  intermittent  duty.  The 
unit  weighs  pounds. 
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Scaling  Unit 

Tracerlab  Inc.,  65  Oliver  St.,  Bos¬ 
ton  10,  Mass.,  is  now  manufactur¬ 
ing  the  SC-IA  Autoscaler  with  a 
high  voltage  supply  continuously 
variable  from  500  to  2,200  volts.  A 
time  delay  circuit  is  included.  Scal¬ 
ing  circuit  and  precision  timer  are 


' 

'  TURNER 
MODEL  L40 

Crftttal  Microphone 


Ask  your  dealer 


Small,  lightweight  and  inconspi^ous,  the  Turner 
Model  L40  can  be  worn  in  the  lapel,  held  in  the 
palm  of  the  hand,  or  concealed.  Highest  quality 
moisture  sealed  crystal  produces  high  signal  level. 
Engineered  by  Turner  to  give  crisp,  clear  speech  re¬ 
production.  Widely  used  for  sales  demonstrations, 
public  address,  call  systems,  sound  re-inforcing, 
and  recording  systems.  Also  used  in  dictographic  and 
detective  work.  Comfortable  to  wear.  Alligator  clip 
secures  unit  to  clothing.  Finished  in  satin  chrome. 
Complete  with  20  ft.  of  attached  flexible  cable. 


905  17th  Str««t  N.  I.,  Csdar  Rapidt,  Iowa 


BY  TURNER 


Licensed  under  U.  S.  patents  ol  the  American  Telephone  and  Telefraph  Company,  and  Western 
Electric  Company.  Incorporated.  Crystals  licensed  under  patents  of  the  Brush  Development  Company. 


A  special  purpose  microphone 
of  many  uses 


actuated  by  a  pushbutton.  Overall 
resolving  time  of  the  input  ampli¬ 
fier  and  scaling  circuit  is  about  5 
microseconds.  Pulse  height  sensi¬ 
tivity  is  approximately  250  milli¬ 
volts. 


Pin  Straightener 

Hytron  Radio  &  Electronics 
CoRP.,  Salem,  Mass.  A  new  minia¬ 
ture  9-pin  straightener  is  now 


Model  3H-L40 

•  The  Turner  “third  hand”  and  L40 
microphone.  A  special  combination  for 
mobile  sound  work  and  call  systems 
where  operator  must  have  both  hands 
free.  Ideal  for  sales  demonstrators.  The 
3H  slips  over  the  head.  Holds  micro¬ 
phone  close  to  mouth!  Adjusts  to  any 
position.  Also  available  with  micro¬ 
phone  twitch  at  extra  cost. 


a  ti  tTNii  irMiai  I  IfOViTlAIKin 
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NEW  PRODUCTS  (continued) 

available.  It  is  built  of  aluminum 
and  stainless  steel.  Designed  pri¬ 
marily.  for  radio  servicemen,  it 
should  find  utility  in  any  labora¬ 
tory. 


Filter  Selector 

Aerovox  Corp.,  New  Bedford, 
Mass.  Choipe  of  proper  interfer¬ 
ence  filter  is  simplified  by  the  an¬ 
alyzer  that  can  be  varied  to  simu¬ 
late  all  types  of  stock  filters 
manufactured  by  the  company. 


Knob  setting  designations  are  cali¬ 
brated  in  terms  of  these  types. 
Optimum  arrangement  can  then  be 
made  after  it  is  determined  by 
means  of  the  analyzer. 


Sensitive  Relay 

Allied  Control  Co.,  Inc.,  Dept.  S, 
2  East  End  Ave.,  New  York  23, 
N.  Y.  Type  BK  relay,  designed  for 
high  sensitivity,  has  a  d-c  coil  rat¬ 
ing  up  to  32  volts  at  24  milliwatts 
and  an  a-c  coil  rating  of  220  volts 


Ouf  Front. 

CO«  SOLO.. 


containing  a  NEW  FLUX 


that  is  more  active,  stqbie  and 
efficient  than  any  rosin  flux— yet 

NON-CORROSm  •  NON-CONDUCTIVE 


ACTIVITY  "Resin-Five"  will  solder 
zinc,  brass,  nickel  silver, 
nickel-plate,  copper  and 
•  ferrous  alloys. 


STABlilTY  Under  the  most  extreme 
solderinit  temperatures 
the  Flux  still  does  the 
solderiiiK  job. 


MOBILITY  The  unusual  activity  and 
Il’f  A  stability  of  “Resin-Five** 


given  complete  mobility. 


KESTER 

"RESIN-FIVE” 


'  The  most  important  development 

in  Cored  Solder  within  the  last  ten 
years.  “Resin-Five”  has  virtually  no 
odor  even  at  extreme  temperatures.  Avail¬ 
able  in  5  core  sizes;  varying  percentages  of 
flux  content.  Diameters  ranging  from  .010'  to 
250'  All  practical  alloys. 


A  COMPLETE 
TECHNICAL  SERVICE 

Any  soldering  prob¬ 
lems?  Consult  our 
Technical  Depart¬ 
ment.  No  obligation 
to  you. 


^ESTE^ 


KESTER 

SOLDER  COMPANY 


^LDE^ 


4204  Wrightwood  Av*.,  Chicago  39,  III. 
Factories  Also 

Watpdktf,  Ndiv  Jersey  •  ireuitford,  Conodo 


new  products 


at  0.240  volt-ampere.  Contact  rating 
is  1  amp  at  48  v  d-c.  It  is  supplied 
in  single  or  double  pole,  normally 
open  or  normally  closed  contact  ar¬ 
rangements,  also  double  throw. 


Two-Pole  Relay 

Ebert  Engineering  and  Mfg.  Co., 
185-09  Jamaica  Ave.,  Hollis  7,  L. 
I.,  N.  Y.,  announces  a  2-pole  norm- 
ally-open  or  normally-closed  merc¬ 
ury  relay  for  loads  up  to  25  amps 
breaking  both  sides  of  the  line,  also 


motor  loads  up  to  3  h-p  at  230  volts 
a-c.  Overall  dimensions  are  5  in. 
long,  3  in.  wide  and  2  in.  high. 


aECTI 
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High-Frequency  Triodes 

Amperex  Electronic  Corp.,  79 
Washington  St.,  Brooklyn,  N.  Y., 
announce  the  492  and  492-R  h-f 
water-cooled  and  air-cooled  triode 
amplifier  and  oscillator  tubes  hav¬ 
ing  a  5-kw  plate  dissipation.  The 
grid  of  each  is  mounted  to  a  ring 
seal  by  an  unperforated  section  of 


copper  cone  which  forms  a  shield 
between  filament  and  anode,  and 
makes  the  tube  suitable  for 
grounded-  grid  h-f  circuits. 


Intrusion  Alarm 

El-Tronics,  Inc.,  2647  North  How¬ 
ard  St.,  Philadelphia  33,  Pa.  Model 
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ID  OR  RECTftHGUlAR 

PAPER  TUBES 


BEACH’RUSS 


I  92  Gold  St  '  y  Cable  Address 

‘New  Vorb  7.  N,  Y.  '  PANORAMIC,  NEW  YORK 

Exclusive  Conodton  Representotivc  Canodion  Marcon*,  Ltd 


VACUUM  PUMPS 


TYPE  RP 


FASTER,  SIMPLER 

AUDIO  ANALYSIS 

with  Model  AP-1 


Inskl*  P*rim«t«rs  from  .592'  to  19' 

With  specialized  experience  and  automatic 
equipment,  PARAMOUNT  produces  a 
wide  range  of  spiral  wound  paper  tubes 
to  meet  exery  need  . . .  from  Yi  to  30'  long, 
from  .392'  to  19'  inside  perimeter,  includ* 
ing  many  odd  sizes  of  square  and  rectan¬ 
gular  tubes.  Used  by  leading  manufacturers. 
Hi-Diehctric,  Hi-Strengtb.  Kraft,  Fish 
Paper,  Red  Rope,  or  any  combination, 
wound  on  automatic  machines.  Tolerances 
plus  or  minus  .002'.  Made  to  your  specifi¬ 
cations  or  engineered  for  YOU. 


SONIC  ANALYZER 


Reduca  lima,  complaxily  and  cot!  of  mak¬ 
ing  audio  maasuramanit  with  lha  unusual 
advantagas  offarad  by  lha  Panoramic 
Sonic  Analyzar.  By  rasolving  a  complax 
audio  wava  into  a  spactrograph  showing 
tha  fraquancy  distribution  and  voltaga  am- 
plituda  of  tha  componants.  Modal  AP-1 . . . 

•  Ellminatas  slow  peint-by-peint  fre¬ 
quency  checks  •  Provides  a  quick 
overall  view  of  the  audio  spectrum 

•  Enables  determinptien  of  changes 
in  waveform  content  while  parame¬ 
ters  are  varied  •  Furnishes  simple 
present  ztions  for  production  line 
testing. 


iraniounT  paper  tube  corp 

616  LAFAYETTE  ST.,  FORT  WAYNE  2,  IND. 

Manufacturers  of  Paper  Tubing  for  tbe  Electrical  Industry 


Unique  Design  of  Single  Stage 
Pump  Produces  High  Vacuum 
Faster,  More  EfficientlY  and  Safely 


ELECTRONICS  AND  LAMPS 

Vacuum  exhausting  at  low  pressures  of  lamp 
bulbs,  fiuorascant  tubas,  radio,  television  and 
electronic  tubas.  X-ray  tubas,  pholo-alactric 
calls,  ate. 

ELECTRICAL  PRODUCTS 

High  vacuum  impregnation  of  coil  windings 
to  give  greater  strength;  dehydration  and 
impregnation  of  molded  or  compressed  graph¬ 
ite  parts;  daairing,  drying  and  impregnating 
insulating  paper,  cable,  motor  windings; 
dehydrating  insulating  oil;  filling  condensers. 


40  I  no  aoo  400  aoo  ix  zx  4k  ex  I  zox 
•0  CYCLES  "* 

Panoramic  Sonic  Spectrograph  of 
7S0  cpt  square  wave. 

Use  Model  AP-1  for  analyzing  ... 

•  Harmonics  •  Infermodulotion  •  Vibra¬ 
tion  •  Noise  •  Acoustics  *  Materials 

Features.. .Continuous  scanning  from  40- 
20,000  cps  in  one  second  •  Wide  input 
voltage  range  *  Linear  and  log  voltage 
scale  •  Closely  logarithmic  frequency  scale 

•  Built-in  voltage  and  frequency  calibra¬ 
tor  •  Simple  operation. 

WRITE  for  dfltslled  ipaes,  price  and  dslivsty. 
NEW  LITERATURE  AVAILABLE 


The  pump  has  only  2  moving  parts  — 
rotor  and  slide  valve,  always  com¬ 
pletely  sealed  in  pump  cylinder.  As 
rotor  turns,  slide  valve  acts  os  piston 
forcing  all  air  out  of  cylinder  through 
discharge  valve  and  lubricator  above 
it,  creating  a  constant  vacuum  behind 
the  slide  valve  piston. 

The  combination  of  mechanical  inlet 
slide  valve,  automatic  exhaust  valve, 
and  rotary  pump  with  rocker  oil  seals 
on  slide  valve,  account  for  the  un¬ 
usually  high  vacuum  and  volumetric 
efficiency  in  this  single  stage  pump. 


ADVANTAGES 

•  Top  Vacuum  —  to  2  microns 

•  High  Speed  Evacuation 

•  Noiseless  •  Vibrationie 

•  Lew  Power  Consumption 

•  Long  Service  Life 

•  Capacities  To  845  c.f.m. 


Write  for  Catalog  No.  84 

BEACH-RUSS  COMPANY 

52  CHURCH  ST.,  NEW  YORK  7,  N.  Y. 
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NEW  PRODUCTS 


(contiHMd) 


tions. 


HS-5  alarm  detects  intrusion  by 
change  in  antenna  capacitance  upon 
approach*  of  a  person.  It  also  de¬ 
tects  fire  by  means  of  a  heat  de¬ 
tector  that  operates  at  about  160  F. 
Slow  capacitance  changes  owing  to 
changing  meteorological  conditions 
will  not  affect  the  device. 


Midget  Thyratrou 

General  Electric  Co.,  Schenec¬ 
tady,  N.  Y.  Type  GL-5663  midget 
thyratron  designed  to  maintain  low 


control  grid  and  shield  grid  cur¬ 
rents  is  inert-gas  filled.  Peak  for¬ 
ward  and  inverse  voltage  ratings 
are  500  volts.  Average  anode  cur¬ 
rent  is  20  ma. 


Symbol  Tracer 

Rapidesign,  Inc.,  P.  0.  Box  592, 
Glendale,  Calif.,  announces  the  new 


*'*v^  - 


^1 


PICKERING 

m  . . . 

NEW-LOW-PRICES 


PICKERING  reproducers  have  always  been  built  to  the  highest 
standards  of  the  critical  listener  willing  to  pay  a  premium  for 
excellence  in  record  reproduction. 

The  growing  demand  for  Pickering  quality  and  the  resulting  in¬ 
crease  in  production  have  made  possible  substantial  price  reduc- 


Revised  manufacturing  techniques  have  enabled  us  to  actually  im¬ 
prove  quality  and  lower  prices  at  the  same  time. 

We  take  great  pleasure  in  giving  our  customers  the  benefit  of  lower 
production  costs. 

^  Model  S.120M 

with  .0027"  Sapphire  Stylus 
'/  Former  List  Price— S25.00 

Now  $16.50 

Model  D.120M 

with  .0025"  Diamond  Stylus 
V  Former  List  Price— $60.00 

w  .  -  Now  $41.50 


^04  to  the  line  of  Pickering  Cartridge  Repro- 
ducers  is  the  Model  D-140S  for  the  new  long 
playing,  MICROGROOVE  type  disc  recordings.  The 
D-140S  has  a  diamond  stylus  of  .001"  radius,  tracks  with  a 
pressure  of  5  grams  and,  like  all  Pickering  Cartridges,  in¬ 
corporates  all  of  the  known  requirements  for  perfect  track¬ 
ing,  minimum  record  and  stylus  wear,  and  distortion-free 

reproduction. 


%  Compony»  loc. 


Model  D-140S  with  .001"  Dia- 
mond  Stylus  $60.00  List 


Oceanside.  Long  Island,  N.  Y. 


UniYliiN 


NEW  PRODUCTS  (CMtinued) 

No.  31  Electroneer  template  for  de¬ 
sign  and  drafting  personnel  in  the 
industrial  electronic,  television,  ra¬ 
dio,  and  electrical  engineering  fields. 
A  cellulose  nitrate  sheet  of  0.04-inch 
thickness,  it  measures  41  x  61 
inches. 


High-Gain ‘T-V  Antennas 

The  Workshop  Associates;  Inc., 
66  Needham  St.,  Newton  Highlands 
61,  Mass.,  has  developed  eight  dif¬ 
ferent  high-gain  antenna  arrays  for 
television  and  f-m.  Each  is  mounted 


Present  3  dean-eut 
Advantages 


1.  EXTREME  UNIFORMITY 

2.  SUPERIOR  STAKING  QUALITIES 
...  ends  will  roll  without  splitting, 

3.  BETTER  FOR  MOLDED  PARTS 

• .  closed  end  keeps  compound  out, 


If  you  use  pins  for  vacuum  tubes,  adapters, 
fluorescent  lamps,  plugs,  or  electrical  equip¬ 
ment  of  any  kind,  the  chances  are  you’ll  save 
time,  money  and  rejections  by  using  these  super¬ 
smooth,  seamless,  patented  Radio  Pins.  They  are 
available  in  a  wide  variety  of  styles  and  sizes, 
with  staking  end  either  closed  or  open.  For  a 
quotation,  simply  send  a  sketch,  sample  or  de¬ 
scription  and  state  the  quantity  you  need. 


on  a  single  mast  and  designed  for 
reception  of  all  channels  operating 
in  a  particular  area.  Elements  are 
constructed  of  half-inch  aluminum 
tubing.  More  arrays  can  be  added 
to  the  installation  as  additional  sta¬ 
tions  go  on  the  air. 


Radio  or  Radar  Equipment? 


In  addition  to  Radio  Pins, 
we  produce  large  quanti¬ 
ties  of  top  caps,  base  shells 
and  adapter  shells  for  vac¬ 
uum  tubes;  also  a  wide  va¬ 
riety  of  other  metal  prod¬ 
ucts  including  deep  drawn 
shells  and  cups,  blanks  and 
stampings,  ferrules,  grom¬ 
mets,  washers,  vents,  fasten¬ 
ers— and,  for  almost  every 
manufacturing  require¬ 
ment,  the  world’s  largest 
assortment  of  eyelets.  47,26 


Low-Current  Power  Supply 

Beta  Electronics  Co.,  1762  Third 
Ave.,  New  York  29,  N.  Y.  Model 
251  regulated  low-current  power 
supply  is  used  for  currents  below 
10  milliamperes  at  voltages  up  to 
500  volts  d-c.  Output  voltage  is 
continuously  variable,  up  to  500, 
either  positive  or  negative  with 


THE  AMERICAN  BRASS  COMPANY 

Waterbury  Brass  Goods  Branch 

General  Offices:  Waterbury  88,  Conneaicut 
Subsidiary  of  Anaconda  Copper  Mining  Company 
/•  Camada;  Anaconda  American  Brass  Ltd.,  New  Toreii/«,  Ont. 
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154  WEST  14th  ST.  •  NEW  YORK  11,  N.  Y. 


new  products  (continind) 

respect  to  ground ;  and  it  will 
change  less  than  0.5  percent  at  any 
setting  for  line  voltage  variations 
from  95  to  135  volts. 


Calorimeters 

R.  A.  Whiteman,  630  N.  Wisner 
Ave.,  Park  Ridge,  Ill.  The  types 
IHC-20  (illustrated)  and  IHC-50 
calorimeters  measure  and  check  the 
power  output  of  induction  heating 
units.  They  permit  measurements 


An  Electrical  Relay,  whatever  its  styfe  or  type, 

responds  -to  a  changing  condition  in  one  I  HV 

electrical  circuit  to  cause  a  change  in  another  jWj 

Wherever  electrical  energy  is  used  as  a  con-  IS1 1 

trolling  agent,  SIGNAL  ENGINEERING  Relays  y  Bm 

can  be  applied  in  a  wide  variety  of  uses. 

Perhaps  you  have  an  electronic  circuit 
where  a  change  in  voltage  or  current  re- 
quires  the  switching  of  several  other  cir- 
cuits.  The  SENSITIVE  MULTIPLE  CONTACT 
PLUG-TYPE  RELAY,  illustrated  at  right,  is 

designed  to  meet  just  IjlVIy 

such  a  condition  and 
offers  up  to  6  pole,  double  throw,  with 
Jjl^  %  a  20  point  plug.  A.C.  or  D.C.  Ask  for 
Bulletin  50-6. 


from  low  values  to  20  kw  and  50  kw 
respectively.  Each  is  available  in 
either  magnetic  or  nonmagnetic 
steel. 


A  keying  circuit  or  pulsing  circuit  where 
rapid  response  and  low  current  drain 
are  required  characteristics.  The  SERIES 
10  AND  SERIES  20  RELAYS  are 
fast,  sensitive,  shockproof  and 
are  adaptable  to  many  contact 
arrangements.  Bulletin  KR1-6. 


Light-Beam  Wattmeter 

General  Electric  Co.,  Schenectady 
5,  N.  Y.,  has  developed  a  new  port¬ 
able  light-beam  wattmeter  giving 
readings  in  the  low  wattage,  low 
power  factor  ranges  for  frequencies 


The  need  for  a  small,  rugged,  POWER 
RELAY,  double  pole,  double  throw, 
without  pigtails,  for  operation  of  bells, 
horns,  lamps,  small  motors,  etc.  Write 
for  Catalog  6-6. 


An  application  requiring  a  high  fre¬ 
quency  COAXIAL  CABLE  RELAY,  with 
correctly  designed,  low  loss  circuit, 
available  with  A.C.  or  D.C.  actuating 
coils.  Bulletin  CR1-6. 


of  25  to  3,000  cycles.  It  can  be  used 
as  an  instrument  calibrator  and  in 
laboratory  production  testing. 


Actuator 

Phillips  Control  Corp.,  612  N. 
Michigan  Ave.,  Chicago  11,  Ill.  The 
51A  actuator  features  a  frame  of 
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Quality  Products  lor  Over  Years 


PREMIER  DIALS, 
PANELS  &  PUTES 


What  counts,  solos  •  wlso.  Is 
what  your  customer  sees.  What 
gets  the  attention  ior  Premier 
Metal  Products,  quality-wise,  is 
thek  sharpness  and  clarity  ... 
close  tolerances  .  .  .  rich  colors 
and  boked-in  iinishes.  let  ns 
tell  you  how  these  quolities 
can  add  important  sales-appeal 
to  your  products. 

Ctciied  A  Uthograph^d  on: 

•  Aluminum  •  Brow 

•  Brense  •  Coppor 

•  Monel  •  Nickel  Silver 

•  StoinleM  Steel 

WHITE  FOH  BULLETIN 


Railway  Express  is  part  of  the 
modern  miracle  of  transporta¬ 
tion  which  makes  the  people  of 
your  community  neighbors  with 
those  of  other  cities  and  towns 
from  coast  to  coast.  Neighbors 
. . .  who  depend  on  each  other, 
near  and  far,  for  the  essentials 
and  luxuries  which  contribute  to 
our  way  of  life. 

The  men  and  women  of  Rail¬ 
way  Express  are  your  neigh¬ 
bors,  too,  wherever  you  may 
live.  They  work  wifh  you  and  for 
you  to  provide  a  complete  ship¬ 
ping  service  for  every  one  of 
your  business  and  personal 
needs.  You'll  find  them  depend¬ 
able  neighbors,  always  ready 
to  serve  you  with  speed,  effi¬ 
ciency  and  courtesy. 

It's  good  business  to  say, 
"Ship  it  RAILWAY  EXPRESS!" 


etching  company 

loko  island  city  h 


MAX.  RES:  .01  to  15,000  ohm  (331  Alloyl 
.01  to  8,000  ohm  (Nichromc) 
.01  to  3,500  ohm  (Mangonin| 
BODY  SIZE:  I*  ig.  by  3/16"  diom. 
TOLERANCE:  STANDARD  1% 


INDUCTIVE 

MAX.  RES:  .01  to  7,500  ohm  (331  Alloy) 
.01  to  4,000  ohm  INichrome) 
.01  to  1,350  ohm  (Mongonin) 

BODY  SIZE:  */•"  Ig-  by  3/16"  diom. 
TOLERANCE:  STANDARD  1% 


Maintains  23,000  offices  (there's 
one  near  your  factory,  ofRce  or 
home): 

Uses  10,(XX)  pauenger  trains  daily; 
Has  18,000  motor  vehicles  in  its 
pick-up  and  delivery  services; 
.Offers  extro-fost  Air  Express  vrith 
direct  service  to  1,078  '.ities  and 
towns. 


Con  be  supplied  non  •  inductive  with 
one-holl  indicoted  moximum  reiistonce. 


Economcal  in  Cost 

IN-RES-CO  WL  series  resistors 
were  designed  to  meet  increasing 
demands  for  a  compact  resistor 
of  high  accuracy -priced  for 
eral  use.  They  meet  the  most 
critical  requirements — close  tol¬ 
erance,  ability  to  withstand  over¬ 
load,  long  life.  Write  today  for 
catalog  describing  the  full  line  of 
quality  IN-RES-CO  resistors. 


INSTRUMENT  RESISTORS  00.,  10S6  COMMERCE  AVL,  UNION,  R.  J. 


RAIL-AIR  SERVICE 
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New,  Lighter,  More  Compact . . . 
Easier  to  Build  Into  Your  Product 


RAYTHEON 

VOLTAGE  STABILIZERS 


VOLTAGE  STABILIZER 


HEADQUARTERS 


For  years  the  name  “Raytheon 


new  PRODUCTS 


(continiwd) 


bonded  silicon  steel  laminations  and 
a  T-shaped  laminated  plunger 
adaptable  for  both  push  and  pull 
operations.  It  is  available  for  con¬ 
tinuous  duty  on  115  volts,  60  cycles, 
with  a  maximum  stroke  of  one  inch. 
Approximate  pull  is  2  pounds  at 
i  inch,  4.2  pounds  at  i-inch  stroke. 


Geiger  Counter 

Omaha  Scientific  Supply  Corp., 

3623  Lake  St.,  Omaha  4,  Nebraska. 


RAYTHEON  MANUFACTURING  COMPANY 

Waltham  54,  MassadtuMtts 

Gentlemen:  Please  send  me  copy  of  your  new  Voltoge  Stabilizer  Bulletin  DL-V-304A. 

Nome  . .  Position . 

Company  . 

Street  Address  . 


phones.  The  instrument  is  sensitive 
enough  to  detect  radiation  in  a  ra-  j 
dium  dial  watch.  ' 


Photorelays 

Photobell  Co.,  116  Nassau  St.,  , 
New  York  7,  N.  Y.  Type  ES-1  elec¬ 
tric  eye  relay  operates  from  115 
volts  60  cycles,  and  -  comprises  a  I 
;  photoelectric  tube,  amplifier,  relay 

I  and  sensitivity  adjustment  all 

|:  mounted  on  a  2i  x  5-inch  steel 

■  chassis.  Type  ES-2  is  similar  but  ^ 
includes  a  light  projector  built  into  | 


on  voltage  stabilizers  has  denoted 
advanced  design,  precision  manufac¬ 
ture,  rugged  construction,  reliable  and 
acevu-ate  performance  ...  in  a  word  — 
“Excellence  in  Electronics.” 

Now,  to  these  highly  desirable  char¬ 
acteristics,  have  been  added  important 
space  and  weight  saving  features  .  .  . 
features  that  make  it  easier  and  more 
economical  to  build  dependable,  ac¬ 
curate  control  of  fluctuating  line  volt¬ 
age  right  into  your  product.  This  en¬ 
tirely  new  line  has  been  performance- 
engineered  to  provide  a  wide  choice  of 
models  in  service-tested,  standard  types 
...  or  you  may  have  special  models 
custom-engineered  to  suit  your  special 
needs. 

Get  the  complete  story  on  this  im¬ 
portant  development  at  “Voltage  Sta¬ 
bilizer  Headquarters.”  Send  for  it  today. 
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BUILD  TNISI  ADVANTAGES 
INTO  TOUR  EQOtPMENT 


G  PosHiva  control  of  ovtpvt  voH- 
og*  to  within  =b 

D  Stabilization  at  any  load 
wMiin  ratod  capacity. 

G  Qoidc  ro$pomo.  StobiUzM 
vorying  inpot  voltage  within 
1/20  second. 

G  Entirely  ootomatic.  No  ad)u*t- 
ments.  No  moving  ports.  No 
maintenance. 

G  Many  designs  available  with 
very  low  harmonic  distortion 
of  the  outpot  voltoge  wave 
at  ony  food. 

G  AAodeb  con  be  supplied  with 
frequency  compensation. 

G  Single  or  multipie  output 
voltages. 

G  Wide  range  of  designs  In¬ 
cluding  hermetically  •  sealed 
types. 


THYRO METER 

Integrating  type  scaler  with  ratemeter 

Designed  for  precision  measurement  of  radio¬ 
active  samples  in  the  research  and  medical 
laboratory. 


Some  of  the  special  features  include: 

(1) .  Both  scaler  and  ratemeter  can  be  operated  as  a  unit  or  the  rate- 
meter  can  be  operated  as  a  separate  unit. 

(2) .  All  operating  controls  are  mounted  on  the  sloping  panel. 

’  (3).  The  unit  employs  a  three  decade  logarithmic  type  ratemeter. 

(-Ta  strip  chart  recorder  may  be  used  to  indicate  the  output  of 
the  ratemeter  circuit. 

(5) .  A  range  switch  provides  selection  of  counting  ranges  of  one, 
two  or  three  decades  (100  —  1000—10,000  counts  per  second)  for 
the  recorder. 

(6) .  The  scaling  circuit  measures  the  time  required  to  accumulate 
a  predetermined  count  with  a  total  selection  of  five  ranges  up  to 
16384  counts. 

(7) .  Available  for  use  with  a  choice  of  G-M  tubes,  sample  stage, 
probes  and  preamplifiers. 

(8) .  The  unit  mav  be  mounted  on  an  undercarriage  as  illustrated  for 
utility  and  accessibility. 

(9) <  The  ratemeter  may  also  be  furnished  as  a  separate  unit. 

Write  for  particulars  on  this  or  other  radiation  measuring  instru¬ 
ments  and  components. 

THE  VICTOREEN  INSTRUMENT  CO. 

S806  HOUGH  AVE.,  CLEVELAND,  OHIO 


Engine  Synchronizer 

Square  D  Co.,  Kollsman  Instru¬ 
ment  Division,  80-08  45th  Ave., 
Elmhurst,  N.  Y.  A  new  28-ounce 
synchronous  differential  contains 
two  synchronous  motors  and  a  me¬ 
chanical  differential.  Used  in  syn¬ 
chronizing  engines,  it  serves  as  an 


Heat’Transfer  Unit 

Eastern  Industries,  Inc.,  296  Elm 
St.,  New  Haven  6,  Conn.  Model  No. 
5-H.T.U.  is  a  new  heavy  duty  heat- 
transfer  unit  for  cooling  the  magne¬ 
tron  power  tube  in  an  induction- 


heated  oven.  The  unit  will  dissipate 
3,000  watts  within  a  temperature 
rise  of  40  F  above  ambient. 


the  chassis  base.  Response  time  is 
about  0.05  second,  permitting  use 
as  a  counting  machine  at  speeds  up 
to  600  counts  per  minute. 


194 
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JOHNSON 


WAFER  SOCKETS 


PRECISION  BOBBINS 


Praciiion  providas  th*  strangtli,  tha  insulation,  <ha  dapaadabiJity  by  tha  moat  thor¬ 
ough  ipacioliiad  anginaaring,  axactly  to  your  spaciHcatlona. 


CVi^xlci  (XVCX 


Exacting  tisers  prefer  JOHNSON 
wafer  socketa  because  they  ore  in¬ 
sulated  with  grade  L4  steatite  or 
better,  top  and  sides  are  glazed,  the 
underside  is  impregnated  against 
moisture.  Contacts  are  brass  with 
steel  springs,  cadmium  plated  and 
are  mounted  against  phenolic  wash¬ 
ers  in  molded  recesses  to  prevent 
movement.  Rivets  are  countersunk 
and  mounting  holes  bossed  to  per¬ 
mit  sub-panel  mounting.  Locating 
grooves  facilitate  tube  insertion. 

Illustrated  above  is  the  122-225,  a 
5  pin  socket  which  can  be  used 
with  such  tubes  os  the  807. 

Additional  Types 

122-224,  4  pin,  for  tubes  such  as  the 
812  or  T40 

122-226,  6  pin,  for  tubes  such  as  the 
T21 

122-227,  7  pin  medium,  for  tubes 
such  as  the  RK34 

122-217,  7  pin  small,  for  tubes  such 
as  the  6A7 

122-228,  octal,  lor  tubes  such  as  the 
6L6  and  815 

Also  available  are  Giant  wafer 
sockets  for  transmitting  tubes,  of 
5  or  7  pin  bases,  sockets  incor¬ 
porating  a  base  shield,  and  Super 
Jumbo  4  pin  base  sockets. 


JOHNSON 

— — d  m^m€  Cm  ^tuCCa 


E.  F.  JOHNSON  CO.  WASECA.  MINN. 
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Sp'ral  winding  of  tha  tuba — haavy  haal-traatad  comprasaion — 
twagad  tuba  anda  aacuraly  lockad — impragnotion  ot  tha  complata 
aaaambly  ora  factora  of  Praciaion'a  axcaptional  aarvica.  lightaat  oi 
all  co'l  baaaa.  '  Paim  t  largar  gauga,  or  ^ora  wira  oi  aoma  gauga 
in  winding  araa. 

Let  us  maks  up  sampiss  for  your  roquiremonts 

Alao  mira.  oi  dialactrlc  tubaa,  round,  aquora,  rectangular,  any  length,.  ID  or  OD; 
coil  iorma;  apoola;  duat  copa  and  thraed  protactora. 


SOUND  •  SQUASI  -SKTANOUUUI 


PRECISION  PAPER  TUBE  CO. 


2041 

W.  CHARLESTON  ST. 

CHICAGO  47,  ILL. 

Plant 

No.  2  at  79  Chapol  St. 

Hartford,  Conn. 

DESIGN 


Engineers  and  Designers  who  insist  on  dependable  com¬ 
ponents  hove  adopted  Vickers  Selenium  Rectifiers  into 
their  circuits.  They  ore  specifying  Vickers  products,  and 
are  submitting  their  rectifier  problems  to  us.  Our  greatly 
expanded  plant  facilities,  plus  the  recognized  dependa¬ 
bility  of  Vickers  products,  moke  it  possible  for  us  to  offer 
the  most  complete  line  of  Selenium  Rectifiers  and  self¬ 
generating  Photoelectric  Cells. 


Id-  «  , 

PHOTOELECTRIC  CELLS 


3-1  ^ 

VICKERS  ELECTRIC  DIVISION 


KICKERS  .Nc 

2160  EAST  IMPERIAL  HIGHWAY  a  EL  SEGUNDO,  CALIF. 
EXPORT:  Froior  &  Hansen,  Lid.,  301  Clay  St.,  San  Francisco  II,  Calif. 
CANADA:  Powertronic  Equipment  ltd  ,  494  King  St  ,  £.  Toronto  2,  Canada 


CENTRAL  PAPER  COMPANY 

INCORPORATED 
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intermediary  regulating  device  of 
engine  control  equipment.  It  may 
also  be  used  as  a  torque-producing 
half-speed  synchroscope.  The  unit 
operates  from  a  three-phase  source 
over  a  frequency  range  of  15  to  60 
cycles  with  an  input  voltage  of  0.007 
times  the  frequency  in  cycles  per 
minute. 


Control  Tester 

Flight  Research  Engineering 
CORP.,  P.O.  Box  1-F,  Richmond  1, 
Va.  The  Servo  Analyzer  is  used 
as  an  aid  in  developing  and  testing 
servos  and  automatic  control  sys¬ 
tems  employing  400  cycle  error 
ipeasuring  devices  such  as  Selsyns 


yT  ARMATURE  PAPER 

'  •  I  Strong  Kraft  with  high 
^  dielearic  strength  and  anti- 
corrosion  properties. 

CARLE  WRAP 

Flat  or  creped  Kraft;  can  be  water¬ 
proofed  or  made  anti-corrosive  as 
required. 

CORE  BASE  PAPER 

Controlled  conduaivity;  free  from 
harmful  chemical  aaion. 

INSULATION  PAPER 

High  physical  strength,  high  dielearic 

strength. 

ANTI.RUST  PAPER 

Treated  to  prevent  rusting  of  maal 
with  which  it  is  in  contaa. 
ANTI-CORROSIVE  PAPER 
Chemical  properties  carefully  con¬ 
trolled  to  assure  neutrality. 


or  E  type  pickoffs.  Frequency  re¬ 
sponse  and  transfer  function  may 
be  obtained  over  an  input  range  of 
from  1  to  60  cps. 


Miniature  Capacitors 

Solar  Mfg.  Corp.,  1445  Hudson 
Blvd.,  North  Bergen,  N.  J.  Type 
TST  capacitors  are  3/16  inch  in  di¬ 
ameter  and  S  inch  long,  sealed 


Th*  No.  90881 

RF  POWER  AMPLIFIER 


Centraline  Engineered  Electrical 
Papers  are  designed  especially  to  solve 
your  particular  problem.  They  can 
replace  more  expensive  materials,  im¬ 
prove  produa  design,  increase  pro¬ 
duction  and  reduce  manufacturing 
costs.  Uniformity  and  adherence  to 
specifications  is  assured  by  laboratory 
control  from  pulp  to  finished  Eleari- 
cal  Paper. 

Consult  a  Central  Paper  Engineer  — 
he  will  be  glad  to  discuss  your  prob¬ 
lem  with  you  and  provide  samples  for 
testing.  No  obligation  of  course. 


with  th«  popular  RCA  or  G.E.  **812**  typo 
tuboot  but  odoquote  instructiont  arc  fumiRhed 
for  ro-adju«ting  for  oporation  with  Ruch  othar 
w>pular  amataur  styla  transmitting  tubas  as 
Taylor  TZ40*  Elmac  35T,  ate.  Tha  amplihar  is 
of  unusually  sturdy  machanical  construction, 
on  a  lOH"  ralay  rack  panal.  Tha  panal  con« 
tains  tha  grid  aiid  piata  tank  tuning  capacitor 
dials,  as  wall  as  tha  grid  and  plate  currant 
milliammatars.  IMug-in  inductors  are  available 
for  operation  on  10,  20,  40  or  80  matar  anriataur 
bands,  from  stock,  as  wall  as  special  coils  to 
order  for  commercial  frequencies.  The  stand¬ 
ard  Millan  No.  90800  exciter  unit  is  an  ideal 
driver  for  the  new  No.  90881  RF  power 
ampliher. 


JAMES  MILLEN 
MFG.  CO.,  INC. 


against  humidity  effects.  Details 
are  given  in  a  new  catalog  bulletin. 


MAIN  OFFICE  AND  FACTORY 

MALDEN 

MASSACHUSETTS 


High-Speed  Counters 

Potter  Instrument  Co.,  Inc., 
136-56  Roosevelt  Ave.,  Flushing, 
N.  Y.,  has  developed  a  new  sys¬ 
tem  for  measuring  frequencies 
from  0  to  1.6  me  with  accuracies 
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new  products 
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of  one  part  in  ten  million  or 
greater.  Basic  units  of  the 
system  are  two  high-speed  elec¬ 
tronic  counters,  a  crystal  oscil¬ 
lator  and  an  electronic  switch.  The 
instrument  shown,  a  Doppler  fre¬ 
quency  chronograph,  measures  un¬ 
known  frequencies  of  50  to  200  kc 
using  the  new  system. 


Industrial  Scope 

General  Electric  Co.,  Syracuse, 
N.  Y.  Industrial  oscilloscope  type 
YNA-4  is  intended  primarily  for 
servicing  such  equipments  as  re¬ 
sistance  welders,  motor  control  cir¬ 


cuits,  and  photoelectric  circuits.  A 
three-inch  tube  is  employed  with 
pushpull  d-c  amplifiers.  Horizontal 
sweeps  range  from  10  cps  to  20  kc. 


Low-Voltage  Soldering  Iron 

Jet  Thermal  Device  Co.,  2873-86th 
St.,  Brooklyn,  New  York.  The  Slim 
Jim  soldering  iron  can  be  used  on 
automobile  storage  batter^  or  socket 


—Announcing — 

Six  new  volumes  in  the 
Massachusetts 
Institute  of  Technology 

RADIATION 

LABORATORY 

SERIES 


AAOIATION  lAtOffArOfft 


iLiCTRONIC 

INSTRUMiNTS 


MICROWAVE  TRANSMISSION  CIRCUITS 

Vol.  9.  Edited  by  GEORGE  L.  RAGAN,  General  Electric  Research  Laboratory,  Schenec¬ 
tady,  N.  Y.  716  pages,  illustrated,  $8.50 

This  vtduine  brings  you  a  practical  treatment  of  the  problems  of  power  transmission  at  microwave 

frequencies.  Actuitl  designs  and  performance  data,  as  well  .  s  principles  and  techniques,  are  given 

for  transmission  along  coaxial  lines  and  waveguides.  INc  of  the  circle  diagram,  matching  techniques, 
and  methods  for  extending  the  frequency  range  for  good  operation  are  carefully  analyzed. 

MICROWAVE  MAGNETRONS 

Vol.  6.  Edited  by  GEORGE  B.  COLLINS,  Chairman,  Department  of  Rhysics,  University 
of  Rochester.  806  pages,  533  illustrations,  $9.00 

Covers  completely  the  theory,  design  and  operation  of  multicavity  magnetrons  in  the  frequency 
range  from  1000  to  25,000  Mc/sec,  and  in  the  many  modifications  that  extend  the  usefulness  of 
these  tubes.  The  circuit  theory  and  electronics  cf  this  type  of  oscillator  are  discussed  with  special 

attention  to  the  subjects  of  starting  phenomena,  electronic  tuning,  and  stabilization  of  frequency. 

Practical  problems  of  magnetron  design  are  dealt  with  in  full. 

ELECTRONIC  INSTRUMENTS 

Vol.  21.  Edited  by  IVAN  A.  GREENWOOD,  Jr.,  General  Precision  Laboratory, 
J.  VANCE  HOLDAM,  JR.,  Laboratory  for  Electronics,  Inc.,  ond  DUNCAN 
MacRAE,  Jr.,  Harvard  University.  721  pages,  466  illustrations,  $9.00 

This  book  brings  you  the  theoretical  background  .and  practical  details  of  electronic  analogue  com¬ 
puters,  instrument  servomechanisms,  vcdtage  and  current  regulators,  and  pulse  test  equipment. 
It  includes  the  practical  design  of  accurately  stabilized  power  supplies  and  the  problems  of  design 
and  construction  of  prototype  equipment.  Numerous  practical  applications  and  examples  are  pre¬ 
sented,  including  special  servosystems  and  radar  test  oscillosct^  designs. 

CATHODE  RAY  TUBE  DISPLAYS 

Vol.  22.  By  J.  THEORDORE  SOLLER,  Professor  of  Physics,  Amherst  College,  M.  A. 
STARR,  Department  of  Physics,  University  of  Portlond,  and  GEORGE  E.  VALLEY, 
Jr.,  Assistant  Professor  of  Physics,  M.l.T.  746  pages,  illustrated,  $10.00 

Here  is  practical  aid  in  the  design  of  instruments  employing  cathode  ray  tubes— a  thorough  dis¬ 
cussion  of  their  basic  characteristics,  principles  of  operation,  and  methods  of  application.  _  This 
book  explains  the  design  and  construction  of  beam  deflection  and  focusing  devices,  optical  projection 
and  measuring  apparatus,  and  auxiliary  mechanical  equipment.  A  complete  treatment  of  cathode 
ray  tube  screens  is  included. 

RADAR  SCANNERS  AND  RADOMES 

Vol.  26.  Edited  by  W.  M.  CADY,  Head,  Physics  Section,  U.  S.  Naval  Ordnance  Test 
Station,  Pasadena  Area,  M.  B.  KARELITZ,  General  Precision  Laboratory,  Inc.,  and 
L.  A.  TURNER,  Dept,  of  Physics,  State  University  of  Iowa.  513  pages,  illustrated, 
$7.00. 

A  comprehensive  discussion  of  the  engineering  and  design  features  of  radar  scanners,  or  antenna 
mounts,  and  radomes,  the  plastic  enclosures  for  antennas.  The  book  includes  a  thorough  develop¬ 
ment  of  landbased,  shipborne  and  airborne  antennas,  antenna  mounts,  and  stabilization.  Part  II 
provides  a  thorough  electrical  treatment  of  radomes,  including  design,  materials,  installation  and 
testing. 

PRINCIPLES  OF  MICROWAVE  CIRCUITS 

Vol.  8.  Edited  by  C.  C.  MONTGOMERY,  Associate  Professor  of  Physics,  Yale  Univer¬ 
sity,  R.  H.  DICKE,  Associate  Professor  of  Physics,  Princeton  University,  and  E.  M. 
PURCELL,  Associate  Professor  of  Physics,  Harvord  University.  486  pages,  illus¬ 
trated,  $6.00 

This  volume  brings  you  first  a  description  of  guided  electrcunognetic  waves, 
starting  from  Maxwell’s  equations.  _  The  concept  of  impedance  is  generalized  to 
apply  to  waveguide  circuits.  Following  a  review  of  low-frequency  network  theory, 
general  network  theorems  which  apply  both  to_  high  and  to  low-frequency 
circuits  are  developed.  The  prop^ies  of  waveguide  circuit  elements  are  fully 
discussed.  These  general  properties  are  applied  to  the  discussion  of  microwave 
■  ss  devices. 


See 
then 
10  days 
FREE 


McGRAW-HILL  BOOK  CO.,  330  W.  42nd  St.,  NYC  IS 

Send  me  the  rolumes  of  the  MIT  Radiation  Laboratory  Serioo  Indirated  by  the 
numbers  encircled  below  for  10  days'  examination  on  approval.  In  10  days  I  will 
remit  the  Dtlce  of  the  books  1  desire  to  keep,  plus  a  few  cents  postage,  and  return 
unwanted  books  postpaid.  (Postage  paid  on  rash  orders.  Same  return  prlrllege.) 


City  and  State . 

Company  . 

Position  . L-9-48 
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Barrymount 
Type  M-114 
Standard  Aircraft 
Mounting  Rack  for 
Electronic  Equip¬ 
ment.  Sizes  per 
Specification  JAN- 
C-172. 


BARRYMOUNTS  Control 
VIBRATION  and  IMPACT 

.  .  .  with  special  emphasis 
on  the  field  of  electronics 

We  offer  a  complete  line  of  highly  engineered  Vibra- 
•  tion  and  Impact  isolators  for  commercial,  industrial, 
and  military  applications  . .  .  also  an  engineering  con¬ 
sulting  service  on  special  problems. 

Catalog  on  Request 


A  letter  from  you  will  give  us 
the  opportunity  to  demonstrate 
how  we  can  help  you. 


THE  BARRY  CORPORATION 

form^fly  1.  N  lAStY  CO.,  INC. 

177  SIDNEY  STREET 
CAMBRIDGE,  MASS. 


power.  It  is  designed  for  heavy 
duty  but  weighs  only  3i  ounces  in¬ 
cluding  tip  and  cord.  The  unit  will 
operate  on  a-c  or  d-c. 


New  Contact  Metal 

Fansteel  Metallurgical  Corp., 
North  Chicago,  Ill.  Fasaloy  99  is 
a  new  contract  metal  with  surface 
resistance  substantially  that  of  fine 
silver  but  which  will  successfully 
break  resistance  load  circuits  25 
percent  higher  than  those  that  can 
be  broken  by  fine  silver  contacts. 
Write  for  Fansteel  Technical  Data 
Bulletin  7.104.' 


Sensitive  Relay 

Kurman  Electric  Co.,  Inc.,  36-18 
37th  St.,  Long  Island  City  1,  N.  Y, 
The  type  24  split-armature  relay 
can  be  adjusted  to  operate  at  0.005 


THYBATRONS  are  the 
IMPmSE  of  American  bidustrjr 


Design  engineers  whi 

want  precision-made  Cetron 
Mercury  Vapor  and  Gas-fiiied 
Grid  Controi  Rectifiers  for 

MOTOR  CONTIOIS  WEIDINO  CONTROLS 
CORTIOllEO  D.C.  SOPPIIES 

Continentsi’s  ionger  experience 
in  deveioping  and  perfecting 
steady-duty,  inexpensive  Rec¬ 
tifiers  means  greater  depend- 
abiiity  and  higher  efficiency. 

ASK  FOR  CE-320  12.9  Amp.)  or 
CE-322  (0.5  Amp.)  Ractiflara 

(W«  abo  mok«  o  fb>«  Mrias  of  onginoor^porfocfod, 
high  quality  Phototubofi) 


CONTINENTAL  ELECTRIC  CO.  ^ 

GENEVA,  iLLiNOIS 


watt  from  0.01  to  115  volts  d-c  or 
a-c.  Several  contact  combinations 
are  available. 

High-Fidelity  Mikes 

Electro-Voice,  Inc,,  Buchanan, 
Mich.  Models  650  and  645  high-fi¬ 
delity,  high-output  dynamic  broad¬ 
cast  microphones  are  designed  for 
both  f-m  and  a-m.  Each  is  equipped 
with  a  newly  developed  shock  mount 
and  a  switch  which  permits  instant 
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DUMONT 

TYPE  P8 
125  «C 

Siiicone 
OIL  CAPACITORS 

SOLVES  THE  HIGH  HEAT  CONDENSER  PROBLEM 


TRACING  CLOTH 


HARD  PENCILS 


REVOLUTIONARV  New  SOLDERINR.  IRON 

Soldetron 

Trade  Mark  Reg.,  U.S.  Pot.  Off.,  Pat.  Pend. 

•  Weighs  only  3  ounces,  yet  it  can  do  the  job  of  a  Fingertip  control  .  .  .  Permits  long 

200  watt  iron.  periods  of  soldering  without  fatigue 

•  ?.«?<*''»  •"♦erchongeable  tip-heads;  no  cleaning  or  .  working  output 

tiling.  ’  ’  I  r  j  • 

•  Easy  to  use  for  every  type  of  soldering.  tow  current  arain. 


Ready  for  attachment 
and  operation  on  110  V 
A.C.,  50-60  cycles, 
through  tronsformar 
swppllad  with  iron,  or 
6-8  voit  A.C.  or  D.C. 


IDEAL  FOR  PRECISION 
WORK:  Revolutlonnry  In 
dailfn.  this  featherweight  precl- 
slon  iron  has  all  the  advantages  of 
light  weight  and  small  size,  mak¬ 
ing  It  idaal  fer  fine  pracltlon  work 
in  “hard-to-reach”  places. 


6-8  volt  A.C.  or  D.C.  onds  from  a  cold  start  .  .  . 

hlngertip  button  permits  control 
of  temperature  to  suit  any  opera¬ 
tion  .  .  .  Retains  heat  with 
switch  0*  up  to  one  minute,  then 
reuuiree  only  3  seconds  to  reheat 
for  operation  at  maximum  effl- 
clency  .  .  ,  Bakelite  handle  with 
cork  covering  Insures  comfortable 
cool  (rip. 

EFFICIKNT,  ECONOMICAL.:  The  “Soldetron”  pays  for  itself  In  a  few  months 
.  .  .  Intermittent  control  feature  minimizes  tip  corrosion  and  eliminates  the 
need  for  frequent  cleaning  .  .  .  Long,  thin  tip  permits  soldering  in  inaccessible 
places  as  in  instrument  work,  etc.  .  .  .  Tip-heads  are  interchanged  in  a  Jiffy  .  .  . 
Various  types  are  available,  and  can  be  removed  and  inserted  in  one  easy  motion 
.  .  .  Ne  more  fussing  with  frozen  tips  .  .  .  Heater  element  is  incorporated  in 
each  tip-head  ...  To  test  the  life  of  the  tip-heads  they  were  heated  to  approxi¬ 
mately  ISOO^F. ;  during  this  severe  test,  the  tip-heads  did  not  burn  out. 

PRICE,  including  transfonner  and  Tip-Head  "A",  $13.95. 

So*  your  distributor,  or  for  further  Information  write  to: 


TRANSVISIONg  INC., 


NEW  ROCHELLE,  N.  Y. 


#  New  silicone  oil  capacitors  for  continu¬ 
ous  A/C-D/C  up  to  1 25®  C. 

#  Mode  in  ceramic  or  bokelized  tubes. 

#  Cop.  —  .00005  to  1 .0  M.F.D.  From  1 00 
volts  to  20000  volts. 


DUMONT  ELECTRIC  CORP. 

MFRS  OF  CAPACITORS  FOR  EVERY  REOUIREMENT  ,j 

308  DYCKMAN  5T.,  NEW  YORK  N  Y 


Send  for 
Literature 


•  Imperial  Pencil  Tracing  Cloth  has 
the  same  superbly  uniform  cloth 
foundation  and  transparency  as  the 
world  famous  Imperial  Tracing  Cloth. 
But  it  is  distinguished  by  its  special 
dull  drawing  surface,  on  which  hard 
pencils  can  be  used,  giving  clean, 
sharp,  opaque,  non-smudging  lines. 

Erasures  are  made  easily,  without 
damage.  It  gives  sharp,  contrasting 
prints  of  the  finest  lines.  It  resists 
the  effects  of  time  and  wear,  and 
does  not  become  brittle  or  opaque. 

Imperial  Pencil  Tracing  Cloth  is 
right  for  ink  drawings  as  well. 
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LET  US  SOLVE 
Your  Crystal  Problems 

The  James  Knights  Co.  is  equipped  to 
build  "Stabilized”  crystals  to  your  exact 
specifications.  A  special  production  sys¬ 
tem  meets  your  needs  for  short  runs  .  i  . 
and  the  price  is  right !  Whether  you  need 
one,  ten,  or  several  thousand  crystals. 
The  James  Kni^ts  Co.  can  deliver 
quickly  and  at  modest  cost. 

In  addition.  The  James  Knights  Co. 
fabricates  a  complete  line  of  "Stabilized” 
crystals  to  meet  every  ordinary  need — 
precision  built  by  the  most  modem  meth¬ 
ods  and  equipment. 

If  you  want  quality  —  speed  —  price, 
contact  The  James  Kni^ts  Co. 

New  James  Knights  Co.  Catalog  Oh  Request 

AN  ENGINEER  wanted  three  crystals  on 
approximately  90  kc  in  one  hermetically 
sealed  holder.  The  James  Knights  Co.  made 
delivery  in  72  hours,  our  Type  Hl8. 


'•  Uktliett 


NEW  PRODUCTS 


(continytd) 


selection  of  either  50  or  260  ohms 
impedance  balknced  to  ground.  Fur¬ 
ther  information  is  available  in  a 
recent  bulletin. 


Fractional  Motor 

Bach  Electrical  Corp.,  Bridge¬ 
port,  Conn.,  announces  a  new  frac¬ 
tional  110-volt  60-cycle  a-c  motor. 
It  is  Fiberglas  insulated  and  has 


cast-aluminum  rotors.  Further  in¬ 
formation  is  available  from  the  com¬ 
pany. 

Control  Panel 

Ewart  and  Koch,  16  Brattle  St., 
Cambridge  38,  Mass.  The  switch 
and  receptacle  unit  illustrated  is 
equipped  with  eight  feet  of  rubber 


cord  with  fused  plug.  A  neon  pilot 
lamp  shows  when  the  unit  is 
plugged  in. 


Plane  Radio 

Radio  Corp.  op  America,  Camden, 
N.  J.  A  new  compact,  plane-radio 
transceiver  is  now  available.  The 
One-Sixteen  weighs  only  nine 
pounds  and  fits  into  the  instrument 
panel.  A  single  selector  switch 
tunes  in  any  broadcast  program  on 
the  standard  band  or  any  frequency 
from  200  io  400  kc.  A  special 


HnrS  A  NIW  MATRIAL  that  can  cut 
costs  and  ease  production  problems 
wherever  ultra-high-frequency  insula¬ 
tion  is  required.  It’s  G-E  #1422  ...  a 
new  development  in  plastics. 

LOWn  COST 

G-E  #1422  answers  the  need  for  a  low- 
cost  material  for  structural  compo¬ 
nents  in  ultra-high-frequency  equip¬ 
ment.  Use  G-E  #1422  where  a  low 
power  fiiaor  is  required  .  .  .  where 
high  operating  temperatures  prevent 
the  use  of  commercially  available  ma¬ 
terials  such  as  polystyrene. 

lASY  TO  MACHINI 
G-E  #1422  can  easily  be  machined. 
And  it’s  available  in  rod  or  plate 
stock. 

Send  for  more  technical  data.  Write 
Section  AF-9,  Chemical  Department, 
General  Electric  Company,  Pittsfield, 
Massachusetts. 

• 

Connector  beads  for  RG  type  coaxial 
cablet  machined  from  G-E  #1422  rod  stock. 


GENERAL 

ELECTRIC 
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marker  indicates  standard  tower 
frequency  of  278  kc. 

Radio  Instruction 

Radio  Corp.  of  America,  Camden, 
N.  J.  The  Dynamic  Demonstrator 
is  an  f-m  and  a-m  six-tube  radio  re¬ 
ceiver  with  its  circuits  and  com¬ 
ponents  laid  out  on  a  panel  45  x  33 
inches  for  purposes  of  study.  It 
is  designed  to  simplify  the  teaching 
of  radio  theory,  operation  and 


FOR  FINER  LATERAL  REPRODUCTION 

(and  other  benefits  explained  in  Bulletin  No.  3) 

COLUMBIA  BROADCASTING  SYSTEM 

and 

AMERICAN  BROADCASTING  COMPANY 

(as  well  as  hundreds  of  independent  stations) 

hove,  placed 

GRAV  nuNsognioN  amis  and  equalizers 

on  every  transcription  table 


Ideal  for  the  New  Long  Playing  Micro-Groove  Records 
The  Gray  Transcription  Arm  gives  you  improved  quality  of  reproduc¬ 
tion,  greatly  extended  life  of  stylus  and  recordings,  economical  oper¬ 
ation,  as  well  as  low  first  cost.  Due  to  such  features  as  adiustable 
stylus  pressure,  frictionless  motion,  self-leveling  base  and  the  accom¬ 
modation  of  any  standard  cartridge,  arm  obsolescence  is  precluded. 
Arm,  less  cartridge,  $35.00 

The  Gray  #601  4-position  Equalizer  for  GE  Cartridge,  finest  perform¬ 
ance  and  workmanship,  ideal  response  curves.  AAatches  pickup  to 
microphone  channel.  Complete,  $42.50. 


Writm  for  our  Bullotin 
#5  on  Soloetod  GE  Re- 
producers,  teith  Diamond 
StyU  for  olmon  unlimi¬ 
ted  life. 


GRAY  RESEARCH  &  DEVELOPMENT  COMPANY,  Inc. 


Factory:  Hartford,  Conn. 


Sales:  565  FIFTH  AVENUE,  NEW  YORK  17 


maintenance.  The  unit  will  operate 
on  a-m  from  a  signal  generator  as 
well  as  an  antenna.  The  f-m  i-f  will 
operate  from  a  sweep  generator. 

.4iidio  Units 

Fairchild  Camera  &  Instrument 
Corp.,  88r06  Van  Wyck  Blvd.,  Ja¬ 
maica  1,  N.  Y.  Audio  units  from 
microphone  preamplifier  to  rack 
frame  are  available  in  numerous 
combinations  that  are  flexible  to  the 
current  needs  of  the  amplifier  sys¬ 
tem.  Basic  component  is  Unit  620 
power  amplifier  with  a  frequency 
response  from  20  to  20,000  cycles. 

Appliance  Tester 

The  Hickok  Electrical  Instru¬ 
ment  Co.,  10527  Dupont  Ave., 
Cleveland  8,  Ohio.  Model  900B  yolt- 
ampere  wattmeter  is  designed  for 
testing  all  a-c  appliances  from 
clocks  to  220-volt  electric  ranges. 
The  unit  incorporates  a  current 
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Supplied  to  your 

EXACT  SPECIFICATION 

Moldite  iron  cores  for  television.  FM,  AM  and 
audio  frequencies  are  manufactured  with  the 
most  advanced  techniques  to  your  exact  me- 
chanical  and  electrical  specifications.  New  formu 
lae  and  carefully  supervised  production  result  in 
higher  O  Valuest  i>ermanent  stability  and  quantity  deliveries  to  meet 
your  needs.  When  Molditc  iron  cores  are  designed  into  your  cir¬ 
cuit.  you  are  assured  of  maximum  performance,  smaller  physical 
size,  reduced  costs,  proven  reliability.  Write  for  Catalog  102. 

NATtONAL  MOLDITE  COMPANY 

HILLSIDE  •  NEW  JERSEY 


MID  WESTERN  REP. 

IRV  ROSE  I 
314  NO.  MICHIGAN  AVE. 
CHICAGO,  III. 


WESTERN  REP.  SO.  AMERICAN  REP. 

PERIMUTH  COLMAN  t  ASSOC.  JOSE  LUIS  PONTET 
1335  SO.  FLOWER  ST.  CORDOBA  14Z2 

LOS  ANGELES,  CALIF.  BUENOS  AIRES.  ARGENTINA 


ENGINEERING 

SERVICE 

Moldite  engineers 
will  gladly  cooper¬ 
ate  in  determining 
the  exact  solution 
to  your  iron  core 
problems  for  your 
design  and  produc¬ 
tion  requirements. 

SAMPLES 

Sample  iron  cores 
will  be  submitted 
for  design,  test  and 
pre-production  pur¬ 
poses. 
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'er  20  years  of  fabricating  e 
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GENERAL  ELECTRIC 
THERMOCELLS  ^ 
foi 

ACCURACY 


G~E  thermcx;ells  are  as  small  as  it  is 
practical  to  make  them  and  still  retain 
all  of  the  advantages  which  broaden 
their  field  of  application  and  simplify  the 
problems  of  design  engineers. 

Design  engineers  will  appreciate  espe¬ 
cially  the  octal  base  featvire.  Add  in  these 
other  major  advantages  in  G-E  thermo¬ 
cells —  then  specify  them  for  every  job 
you  have  under  consideration. 

la  6-E  thcrmocclU  or*  filled  with  an  inort  ga« 
and  tealod  to  inhibit  atmospheric  contamino- 
tion  of  both  crystal  and  thermostat  contacts. 

2a  Warm-up  time  is  extremely  short  because  of 
the  low  thermal  capacity  of  the  unit  as  a 
whole. 

3a  The  heat  loss  is  low,  which  permits  low 
operating  power  and  consequently  less  load 
and  longer  life  for  the  thermostat  contacts. 
Radiant  heat  loss  is  minimized  by  the  pol¬ 
ished  chromium-plated  shell. 

4a  Durable  platinum-iridium  thermostat  con¬ 
tacts  are  used  in  O-E  thermocells. 

A  typical  example  of  the  G-E  line  of 
thermocells  is  the  Type  G31: 

Frequency  Range . 2500-10,000  K.C. 

Size  and  Shape . Same  as  616 

Freq.  Ad|.  at  Normal 

Ambient  Temperature . 0015% 

Ambient  Temp.  Operating  Range.  .Oto  55°C. 
Long  Time  Frequency  Stability 

better  than . 001% 

Heater  Power . 2.6  Watts 

Crystal  Cuts  Normally  Used . . .  AT  A  BT 

Electrodes  and  Mounting. . .  .Pressure  Airgap 
Wamv-up  Time . 15  Minutes 

For  further  information  on  this  and 
ether  G-E  thermocells,  quartz  crystals 
and  germanium  diodes  write  today  to: 
General  Electric  Company^  Electronics 
Park,  Syracuse,  New  York. 


R«t.  U.S.  Pat.  0«. 


Fat’d,  and 
Pat’s.  Psnd. 


The  Knurling  of  this  "Unbrako"  Socket  Set  Screw,  os  shown,  "swages  the 
threods",  so  that  it  becomes  a  most  excellent  “Self-Locker"  ...  for  use  with 
the  5  stondard  points  that  do  not  lend  themselves  to  knurling.  This  “Unbroko" 
Socket  Set  Screw  positively  will  not  shake  loose,  regardless  of  the  most  chatter¬ 
ing  vibration.  Sizes  available  from  #4  to  Hi"  diameter,  and  in  a  full  range 
of  lengths.  Ask  for  your  copy  of  the  "Unbrako"  Catalog  ...  it  n  useful  and 
informative. 

Our  patented  "Unbrako"  Self-Locking  Knurled 

j  c.  •  B  I  t.  ■  naarert  “Unfcrako’’  Industrial  Olstributor 

Socket  Set  Screws  and  Stripper  Bolts  lock  in  and  your  e«ey  of  tha  "Unbrako”  Catalof. 

most  any  industrial  screw  application.  They 
won't  shake  loose.  Millions  and  millions  in 


use. 

OVER  45  YEARS  IN  BUSINESS 

Knwrling  ef  Sechel 
Screw*  ertgiiwled  wMi 
TUwhrahe**  to  19M. 

1  STANDARD  PRESSED  S 

STEEL  CO.  1 

JENKINTOWN,  PENNA. 

CHICAGO  •  DETROIT  •  INDIANAPOLIS  •  ST.  LOUIS 

BOX  596 
•  SAN  FRANCISCO 

- 

SHEETS,  R 

ELITE  AND  FIBRE  FABRICA1 


G,  DRILLING, 
4D  ENGRAVir 


H  Us  Your  Prints  or  Sampios  for 


GENERAL  m  ELECTRIC 


1 


NEW  PRODUCTS 


(cMtinucd) 


MICROSECOND  TIMING!  THE  NE1V 


{COUNTER  CHRONOGRAPH) 

...measures  and 
records  time  intervals 
with  a  resolution  of 

1/1,600,000 

seconds 


This  intirwm.nt  d.t.rmin.t  and  indi* 
col.t  dir.clly  lh«  .loptad  lim*  b«lw««n 
•l•clrical  ‘’Start'*  and  "Stop"  signals 
d.rivtd  from  tho  boginning  and  ond* 
ing  of  fl  timo  intorvol  tp  bo  moasurod. 
A  1,600,000  c.p.s.  crystal  oscillator  is 
usod  os  tho  timo  boso.  Tho  instrumont, 
which  is  complotoly  solf  contoinod, 
counts  tho  numbor  of  cyclos  from  this 
timo  baso  which  occurs  during  tho  timo 
intorvol  moasurod.  Prico  $925.00 


transformer  for  additional  ranges 
of  5,000  and  10,000  watts,  and  65 
and  130  amperes. 


Literature. 


A  tsmiiw  twdlemloii  tt  MMMir.imnt  vnNI  rmM. 

A  Cmy  lo  Acivot.  —  perMw  troM  cowwow  or  (.p> 

wm.  towcM  c«i  b.  w.d. 
it  StoM.  —  no  odhWnimn  roquirnd. 


Fabrics  Bulletin.  The  Duplan 
Corp.,  Industrial  Division,  512 
Seventh  Ave.,  New  York,  N.  Y. 
Many  technical  facts  for  a  large 
number  of  standard  weaves  of 
Fiberglas  and  Nylon  fabrics  are 
given  in  a  recent  bulletin.  A  wide 
range  of  industrial  applications  is 
illustrated  and  described,  to¬ 
gether  with  details  of  their  prop¬ 
erties. 


NEW  YORK 


136-54  ROOSEVELT  AVE. 


.'bunt*; 


Connector  Catalog.  Cannon  Elec¬ 
tric  Development  Co.,  Humboldt 
St.  and  Ave.  33,  Los  Angeles  31, 
Calif.  The  C-47  edition  of  Cannon 
Plugs  contains  32  pages  in  3  col¬ 
ors,  covering  the  thirteen  major 
type  series  of  multi-contact  elec¬ 
tric  connectors.  Prices  are  given 
on  all  except  the  AN,  K,  and  DPD 
series. 


Ideal  for  BROADCASTING 

•  RECORDING 

•  PUBLIC  ADDRESS 

"The  ultimate  in  microphone  quality/*  says  Evan 

Rushing,  sound  engineer  of  the  Hotel  New  Yorker. 

•  Shout  right  into  the  new  Amperite 
Microphone — or  stand  2  feet  away— 
reproduction  is  always  perfect. 

•  The  only  type  microphone  that  is  not 
affected  by  any  climatic  conditions. 

•  Guaranteed  to  withstand  more  "knock¬ 
ing  around"  than  any  other  type  mike. 

SpE€lol  Write  for  Special  Introductory  Offer, 
and  4-page  illustrated  ^  t 


Motor  Catalogs.  Gleason-Avery 
Inc.,  Auburn,  N.  Y.  Two  new  cata¬ 
log  sheets  have  been  recently  re¬ 
leased.  The  first  deals  with  both 
synchronous  and  nonsynchronous 
instrument  and  timing  motors. 
The  second  covers  the  series  500 
gear  motors.  Both  are  well  illus¬ 
trated  and  give  complete  specifi¬ 
cations. 


Automatic  Computing  System. 
Eckert-Mauchly  Computer  Corp., 
Broad  and  Spring  Garden  Sts., 
Philadelphia  23,  Pa.  An  8-page 
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GENERAL  INSTRUMENT  CORP. 

AND 

AIR  KING  PRODUCTS,  INC. 
Join  the  Manufacturers 
Served  by  HOWARD  W.  SAMS 


MORE  AND  MORE  RADIO 
MANUFACTURERS  ASSIGN 
THEIR  SERVICE  DATA  MANUAL 
PREPARATION  TO  THE 
HOWARD  W.  SAMS  LABORATORIES 

The  full  facilities  of  the  laboratories  of 
the  Howard  ^  W.  Sams  Manufacturers’ 
Division  are  available  to  mantifacturers 
of  AM,  FM  and  Television  Receivers; 
Record  Changers ;  Recorders ;  Intercom 
units;  Power  Amplifiers,  and  kindred 
elearonic  equipment,  for  the  preparation 
and  publication  of  their  service  data 
manuals. 

The  Sams’  Service  offers  you  the  prepa¬ 
ration  of  complete,  accurate,  logical 
service  data,  relieving  your  service  and 
engineering  divisions  of  burdensome  de¬ 
tail,  and  effecting  significant  economies 
in  preparation  and  printing  costs. 

Our  staff  of  service  engineering  spe¬ 
cialists  are  ready  to  prepare  from  thor¬ 
ough  analysis  of  the  aaual  equipment, 
the  following  data:  Text  materal,  cover¬ 
ing  construaion,  operation,  installation 
and  service  procedure;  compilation  of 
parts  lists  and  specifications;  clear,  ac¬ 
curate  schematic  diagrams  based  on  the 
exclusive  PHOTOFACT  "Standard  No¬ 
tation"  system;  "exploded"  views  and 
full  photographic  coverage  of  the  prod¬ 
uct.  Production  experts  supervise  the 
final  preparation  and  publication  of 
data. 

NOW  SERVING  THESE  CLIENTS: 

We  ate  at  present  serving  a  considerable 
industry  group.  Service  manuals  and 
data  have  been  satisfaaorily  prepared 
(with  many  others  in  work)  for: 

Brush  Development  Co. 

Colonial  Radio  Corp. 

Crescent  Industries 

Emerson  Radio  &  Phonograph 

General  Electric  Co. 

The  Hallicrafters  Co. 

Lear,  Inc. 

Meissner  Mfg.  Co. 

Milwaukee  Stamping  Co. 

Montgomery  Ward  &  Co. 

Scars  Roebuck  &  Co. 

Telequip  Mfg.  Co. 

V-M  Corporation 

Wire  Recording  Corp.  of  America 
Specimens  of  our  work  are  available  on 
request.  You  inquiries  are  invited.  Our 
representative  will  gladly  call  on  you  to 
explain  the  entire  service.  Address  your 
inquiries  to  our  Manufacturers’  Division. 


HOWARD  W.  SAMS  &  CO.,  INC. 

Indianapolis  7,  Indiana 
PuMlihart:  PHOTOFACT  Folder  Sets  and 
Volumes;  "Automatic  Record  Cbancer  Service 
Manual":  "Dial  Cord  Stiinalna  Guide”  ; 
"Radio  Recetver  Tube  Placement  Guide"; 
"Radio  Industry  Red  Book".  Other  Volumes 
In  preparation.  Complete  data  on  request. 


(ft) 


PILOT  LIGHT 
ASSEMBLIES 


PLN  SERIES— Designed  for 
NE-51  Neon  Lamp 

Features 

•  THE  MULTI-VUE  CAP 

•  BUILT-IN  RESISTUR 

•  11U  or  22U  VOLTS 

•  EXTREME  RUCGEONESS 

•  VERY  LOW  CURRENT 

Write  for  descriptive  booklet 


The  DIAL  LIGHT  CO.  of  AMEBICA 

FOREMOST  MANUFACTURER  OF  PILOT  LIGHTS 

900  BROADWAY,  NEW  YORK  3,  N.  Y. 

Telephone — SPring  7-1300 


HEAT  RESISTANT  WIRES  FOR  EVERY  APPLICATION  . 


HAVE  YOU  A 

Terete 

li  it  concerns  heat  and  age  resistance, 
we're  specialists  and  have  been  ior 
twenty  years.  Whether  it  is  dropping 
excessive  voltages— maintaining  higher 
than  ambient  temperatures  in  equip¬ 
ment-high  current  conductors— heating 
element  leads  in  crystal  temperature 
control  ovens  —  if  it's  got  to  be  tough  to 
continually  withstand  wear  and  tear  . . . 


HEATING  UNITS  " 

>  ’  HEATING  ELEMENTS 

*  resistance"  ■% 

J  "  LINE  CORD  '  " 

'7 A  ^ 

I  ^ERMOCOUPIE  WIRE‘S 

ASBESTOS  LEAD 
r  &  FIXTURE  WIRE  i 

INSULATED  ^ 

^  RESISTANCE  WIRE  ; 

FIBERGIAS  # 

INSULATED  WIRE  ^ 

WIRE  TO 
SPECIFKATIONS 


ccut  fcMr  (fou 

Send  your  electronic  control,  communications  or  appliance  wir- 
^  ^  ,’ng  specifications  for  a  recommended  solution  by  our  engineers. 

V  FOB  A  TRIAL  ORDER  OR  A  CARLOAD '  coniulf 


THE  LEWIS  ,  ENGINEERING  CO. 

c»  D  ^  J  -cj  J  L-^  : 


lU.L  n  c 

NAUGATUCK 


CONNECTICUT 
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Hollow  lugs  speed  wiring  from  top  or 
bottom  of  terminal  board. 


X1782 


X1783 


X1798 


X1784 


XI 797 


X1785 


Lugs  shown  actual  size.  Notice  the  midget 
split  lug  for  hearing  aids  and  other  small- 
space  applications.  Ask  for  prices  by 
code  number. 


Short 


Terminal 

Double  End  Board 


HAirVEY 


RADIO  COMPANY  INC 


\4JtH/t4iH4’H 
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NtW  PRODUCTS 


booklet  shows  the  chief  features 
of  the  Uni  vac  (Universal  Auto¬ 
matic  Computer),  which  is  the 
central  component  of  an  elec¬ 
tronic  system  by  which  many 
t5rpes  of  information  can  be  pro¬ 
cessed  with  speed  and  economy. 
Operation  includes  the  use  of  a 
newly  developed  magnetic  tape 
recording  system. 


FM  TRANSLATOR 
General  Electric  Mode!  XFM-1* 


Microwave  Test  Equipment.  Poly¬ 
technic  Research  and  Develop¬ 
ment  Co.,  Inc.,  66  Court  St.,  Brook¬ 
lyn  2,  N.  Y.  New  sheets  are  now 
available  for  the  company’s  cata¬ 
log  of  test  equipment.  Included 
are  waveguide  terminations,  vari¬ 
able  flap  attenuators,  slide  screw 
tuners,  and  directional  couplers. 


Po«t-war  version 

of  efif  O.E.  iJk.m-90 

TrcMsfator  wfilcfi  was  used  and  enloyed  by 

tons  of  Hiovsands  of  discriminating  radio 

llstonors. 

Covars  88-108  me  range,  dial  12  inches 
long,  uses  guillotine  tuning  for  highest 
efficiency,  high  stability.  Designed  for  ex¬ 
port,  hos  power  inputs  for  110  to  250 
volts,  50/60  cy.  Used  in  conjunction  with 
good  audio  section  or  sepOrote  omplifier 
will  prqvide  best  FM  listening  you  ever 
heard.  In  attractive  natural  walnut  cabinet 
—  10%”  high  X  15%”  wide  x  1 1  %”  deep, 
complete  with  8  tubes.  Tropic-proof  con¬ 
struction.  Quantity  limited,  no  more  avail¬ 
able.  Get  your  order  in  while  they  lasti 
Available  only  from  HARVEY 
Special  price  . . $49.50 


All-Channel  Antenna.  The  Work¬ 
shop  Associates,  Inc.,  66  Need¬ 
ham  St.,  Newton  Highlands  61, 
Mass.  A  catalog  sheet  and  assembly 
instructions  are  available  for  the 
new  indoor  television  and  f-m  an¬ 
tenna  that  is  constructed  of  corru¬ 
gated  board  covered  with  aluminum 
foil.  The  antenna  is  designed  to  be 
mounted  in  an  attic. 


These  new  CTC  terminal  lugs  for 
quick,  easy,  neat  connections  are 
typical  of  the  broad  line  in  midget, 
short,  turret,  double-end  and  split 
types ...  in  sizes  to  meet  widely 
varying  needs.  They’re  all  strongly 
made  of  quality  brass,  heavily  silver 
plated;  yet  they’re  free  from  surplus 
metal  that  would  draw  heat  and  slow 
down  soldering.  Their  tolerances  are 
uniform  enough  for  automatic 
swaging.  And,  of  course,  like  all  CTC 
components  and  hardware,  they’re 
guaranteed  for  materials  and  work¬ 
manship! 

CUSTOM  SIRVICI 

Chances  are  you’ll  find  the  terminal 
lugs  you  need  in  the  CTC  standard 
line.  It’s  wise  to  check  first.  If  not, 
CTC  will  custom -engineer  lugs  to 
your  specifications.  A  discussion  of 
yoiu:  requirements  will  not  obligate 
you  in  any  way. 


Transmitting  Tubes.  Sylvania 
Electric  Products,  Inc.,  Emporium, 
Pa.  Characteristics  on  more  than  a 
score  of  types  with  rated  plate  dis¬ 
sipation  ranging  from  20  to  175 
watts  are  given  in  a  six-page  bul¬ 
letin. 


Just  orrivad  in  sto<k,  tk*  nnw  CE  Phano- 
graph  Pra-Ampliflar  with  built-in  power 
supply  for  uso  on  105-125  V.  AC  only. 
Does  not  uso  AC-DC  typo  power  circuit, 
has  self-contained  poweo  transformer  and 
is  completely  isoloted  from  power  line.  For 
use  with.GE  Vorioble  Reluctonce  Cartridge. 
Ho* . $9.57 

LS-3  SPEAKER 

_  Sidnal  Corps 

model,  6"  PM 

weother 

crockle 

Complete 

transformer  to 
match  4000-ohm 
load,  ^aice  coil  im- 
pedonce  6-8  ohms.  Ideal  for  many  uses 
around  the  shack,  drive-in  theatres,  etc. 
Horvoy  Spoefaf .  . $4.95 

AN  prices  Net,  P.O.I.,  N.Y.C 
8eb|ect  to  Cbeine  WMieot  Notice 

Talophon*:  LOngocre  3-180 


Motor  Control.  J.  B.  Lewis  &  Co., 
3324  Main  St.,  Hartford  5,  Conn. 
Bulletin  105  points  out  the  feature.s 
of  a  new  wide  range,  adjustable 
speed,  motor  control  employing  two 
electronic  tubes. 


A-M  and  F-M  Tuner.  Browning 
Laboratories,  Inc.,  Winchester, 
Mass.,  has  issued  catalog  sheet 
8415  describing  the  characteris¬ 
tics  of  an  a-m  and  f-m  tuning  unit 
with  f-m  sensitivity  of  10  micro¬ 
volts  for  30  db  noise  reduction. 
Curves  of  its  performance  are 
also  available. 


Crystal  Pickup.  Electro-Voice, 
Inc.,  Buchanan,  Mich.  The  Series 
12  Torque  Drive  crystal  pickup 
cartridge  was  developed  to  provide 
light  weight  coupling  of  crystal  to 
record  groove.  Fourteen  outstand- 


CAMRRID9E  THERMIONIC  CORPORATION 

437 '  Concord  Avonoo,  Combridgo  38,  Mon. 
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KEITHLEY  INSTRUMENTS 


NEW  PRODUCTS  (coatinMd) 

ing  features  are  treated  in  bulletin 
141. 

Standards  Index.  American  So¬ 
ciety  for  Testing  Materials,  1916 
Race  St.,  Philadelphia  3,  Pa.  The 
recently  issued  240-page  index  to 
ASTM  standards  as  of  December 
1947  will  be  furnished  without 
charge  on  written  request.  Items 
are  listed  under  appropriate  key 
words  according  to  particular  sub¬ 
jects. 

Electronic  Glassware.  T.  C.  Whea¬ 
ton  Co.,  Millville,  N.  J.  A  com¬ 
plete  line  of  electronic  glassware, 
particularly  glass-to-steel  hermetic 
terminals  in  various  shapes  and 
sizes,  is  covered  in  a  recent  bulle¬ 
tin. 

Industrial  and  Laboratory  Devices. 
Airmec  Laboratories  Ltd.,  19 
Charterhouse  St.,  London,  E.  C.  1, 
England.  Descriptive  leaflets  are 
available  on  the  d-c  ionization  volt¬ 
age  tester  type  782,  the  d-c  oscil¬ 
loscope  type  723,  and  the  electro¬ 
mechanical  counter  type  737. 

Oscillography  Equipment.  Allen 
B.  DuMont  Laboratories,  Inc.,  1000 
Main  Ave.,  Clifton,  N.  J.,  has 
issued  an  informative  pamphlet 
covering  c-r  tubes,  oscillographs, 
allied  equipment,  and  accessories. 
It  may  be  obtained  by  request  on 
business  letterhead. 

Laborator>'  Catalog.  Fisher  Scien¬ 
tific  Co.,  717  Forbes  St.,  Pitts¬ 
burgh,  Pa.  and  Eimer  &  Amend, 
635  Greenwich  St.,  New  York  14, 
N.  Y.  A  40-page  profusely  illus¬ 
trated  book  pictures  268  labora¬ 
tory  innovations  and  describes 
more  than  300  equipment  items 
that  have  been  developed  to  aid 
laboratory  work. 

Chemical  Products.  General  Elec¬ 
tric  Co.,  1  Plastics  Ave.,  Pittsfield, 
Mass.  An  18-page  illustrated  book¬ 
let  CDP-576  describes  briefly  a 
wide  range  of  chemical  products 
such  as  plastics,  resins  and  insu¬ 
lating  materials,  metallurgical 
products  and  compounds.  A  tech¬ 
nical  bulletin  is  available  on  each 
product  described. 

Tube  Data.  Radio  Corp.  of 
America,  Harrison,  N.  J.  A  four- 
page  technical  bulletin  gives  com¬ 
plete  data  on  the  6BA7  and  12BA7 
1  pentagrid  converters  which  are  in- 


with  the  New 

DI-ACRO  ROD  PARTER 

This  newest  member  of  the  DI-ACRO  “DIE -LESS 
DUPLICATING”  family  of  Machines  brings  you  accur¬ 
acy,  speed,  capacity  raMe  and  ease  of  omration  fully  up  to 
the  standards  of  DI-ACRO  Benders,  Brakes,  Shears. 

Do  you  requiro  procition? — The  DI-ACRO  Rod  Barter  holds 
tolerance  to  .001'  on  duplicated  cuts.  The  ends  are  square, 
and  roundness  is  maintained. 

Do  you  wont  spood? — The  Rod  Barter  exceeds  output  of 
other  methods  with  equal  accuracy,  on  rods  and  bars  up 
to  Torrington  Roller  Bearings  incorporated  in  an 
exclusive  multiple  leverage  arrangement  provide  remark¬ 
able  ease  of  operation  in  both  heavy  and  light  materials. 

GET  "DIE-LESS  DUPLICATING"  CATALOGI 

%owB  parts  produced  without  die  expense  by  DI-ACRO 
Benders,  Brakes.  Shears,  Rod  Barters,  Notchers, 

Punches.  Send  for  your  free  copy.  ft 

Preneoiicsd  "  DIE.  A  CK  •  RO '* 


"PARTS  OFF" 
MANY 
MATERIALS 
All  hot  and  cold 
rollod  rode 
Stainlost  stool 
Chromo  Molyb- 
donwm 

Aiumlnom  Brats 
Coppor  Bi-motols 
Many  typos  of 
plattics 

FIbro  Rubber 
Wood 


MODEL  102 


AN  INSTRUMENT  AMPLIFIER  WITH 
200  MEGS.— 6.0  MMF  INPUT  IMPEDANCE 


The  Phantom  Repeater  bridges  voltmeters  ing  instruments  were  c 

and  cathode  ray  «Milloscopes,  which  hove  |„put  Impedance:  200  mr 

inputs  of  1  megohm  and  30  mmf,  onto  <  nufmit 

signal  circuits  ^  50,000  ohms  and  higher  mint  nt  i  00"  ion 

-^such  as  o  pentode  amplifier  stage  with  7 

its  high  resistance  plate  load — ^without  the  ,  J,"®*  to  1 

loss  of  voltage  and  high  fraquency  ^^1..  noise 

response  which  would  result  if  the  measur-  to  70  microvolts  ot  the 

Descriptive  Bulletin  Sent  Upon  Request 


7960  LORAIN  AVENUE 


CLEVEUND  2,  OHIO 
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you  need 
Radio  Parts. . . 


special  nails  •  rivets  •  screws  •  made  to  your  order 


in  quantities 


suitable  to  Volume 


Production. it  may 


pay  you  to  call  upon 


the  Design 


Engineers  of 


United-Carr  and  its 


subsidiaries.  They 


have  helped  many 


manufacturer 


★  CUT  COSTS 


★  SPEED  PRODUCTION 

★  TURN  OUT  FINER 
FINISHED  PRODUCTS 


UNITED -CA.RR 
TASTENER  Cotp. 


PIQB  I  ^W^STtNUtS 


HASSALL  cold-heading  may  solve 
your  immediate  special  part  problem 
. . .  Special  nails,  rivets  and  threaded 
parts  made  in  diameters  from  1/32* 
to  3/8*— lengths  up  to  7". . .  Rivets 
3/32"’  diameter  and  smaller  a  specialty 
. .  .Variety  of  metals,  finishes  and  sec¬ 
ondary  operations  . . .  Economy,  qual¬ 
ity  and  quick  delivery  in  large  or  small 
quantities  . . .  Tell  us  what  you  need 
. . .  We  will  answer  promptly,  ask  for  free  cataloo.  3-color 
Decimal  Equivalents  Wall  Chart  free  on  request. 

JOHN  HASSALL,  INC. 

Manufacturers  of  Cold-Headed  Specialties— Established  1850 


r  V  -  / 

'  ^  / 


c— . 0= 


0> 


DM.  . tT^:^ 

=i°=« 


SWCUUWSIHVinSCWia 


Hassall 


e&TAiiiSHCo  uso 


VHF  COMMUNICATION 
and  LF  NAVIBATION  SYSTEMS 

meet  every  Operational  Need 

THE  A.R.C.  TYPE  11A 

Meets  basic  needs  by  providing 
I  for  VHF  Transmission,  LF 

^  Range  Reception  and  Rotatable 

^  Loop  Navigation. 

I 

I  THE  A.  R.C.  TYPE  17 

I  A  2-way  VHF  equipment,  in- 

I  eluding  a  tunable '^^F  Receiver 

I  and  a  5-channel,  crystal  con- 

I  trolled  VHF  Transmitter. 


THE  A.R.C.  TYPE  12  (Above) 

Combines  the  advantages  of  the 
Type  llA  and  the  Type  17,  of¬ 
fering  2-way  VHF,  together 
with  LF  Range  Reception  aqd 
Rotatable  Loop  Navigation, 


All  unilt  of  thoio  tytfomt  have  boon  Typo-Cortilkatod  by 
tbo  CAA.  For  tho  htgfiotf  ttandards  of  dotign  and  monvfoc- 
twro  ond  tho  finest  in  radio  eqwipmont,  specify  A.I.C 


/^ircraff  j^adio  (orporation 


BOON  TON  NE  WV  Jf  »  f 


DEPENDABLE  ELECTRONIC  EQUIPMENT  SINCE  1  2  3 
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A  NEW  V-O-M 
"MODEL  500  " 


SENSITIVITY 

20000  ohms/yolt  AC-DC 

RANGES 

AC-DC  Volts;  0-3/15/150/300/750/ 
1500/7500 

DC  Current:  0-150  UA/1.5  MA/30 
MA/1.5  A/15  A 

OHMS:  0-5000/50,000/50,000,000 

DB:  — 10/0/  -j-  73  in  7  ranges 

FEATURES: 

IDghest  sensitivity — Damped  move¬ 
ment — Accurate— Rugged — Port¬ 
able — Long  mirrored  scale — with 
added  center  zero  range.  Com¬ 
plete  with  High  Voltage  test 
leads.  Housed  in  handsome  hard¬ 
wood  case. 

Measure  from  a  low  oi  10  microam¬ 
peres  to  a  high  oi  IS  amperes — 
from  .2  volts  to  7500  volts — horn 
1  ohm  to  SO  million — from  minus 
10  to  plus  73  DB. 

So  accurate  it  is  used  in  the  Labora¬ 
tory.  So  rugged  it  withstands 
portable  Held  use.  Write  for  Cata¬ 
log  4423  or  see  your  Jobber. 

S«*  HS  in  Booth  515,  Convention  Hall, 

Philadelphia,  Pa.  September  13-17,  1948 

ROLLER-SMITH 

BETHLEHEM,  PA. 


■leelrieal  liMlIcalIng  Inetrumento  •  AlreraH  Instrument*  « 
twltdigeer  •  Air  A  Oil  Clreult  Breakers  .  notary  Switdies  . 
Relays  •  RrWlsiafi  Balances 


NEW  PRODUCTS  (continiwd)' 

tended  especially  for  use  in  f-m 
broadcast  service.  > 

Motors  Guide.  Allis-Chalmers  Mfg. 
Co.,  Milwaukee  1,  Wis.  A  12-page 
loose-leaf  perforated  booklet  offers  i 
a  quick  reference  to  data  on  a  vari¬ 
ety  of  general  purpose  motors.  It 
is  well  illustrated  and  gives  speci¬ 
fications  and  applications. 

Snap  Switches.  The  Aero  Electric 
Co.,  1306  Superior  Ave.,  Cleveland 
14,  Ohio.  A  recent  catalog  des¬ 
cribes,  complete  with  mechanical 
drawings  and  operating  character¬ 
istics,  many  types  of  snap-action 
switches  with  the  patented  rolling 
spring  construction. 

Silicone  Products.  General  Elec¬ 
tric  Co'.,  Pittsfield,  Mass.  A  30- 
page  illustrated  bulletin  CDR-57 
describes  in  detail  the  new  silicone 
resins,  oils,  greases,  water  repel¬ 
lents,  and  rubber  together  with 
their  many  industrial  uses.  Charts 
and  tables  are  included  for  handy 
reference. 

Isotope  Apparatus.  Tracerlab  Inc., 
65  Oliver  St.,  Boston  10,  Mass.  A 
40-page  booklet  shows  a  variety  of 
I  scalers,  counters,  timers, ,  sample 
changers,  and  radiation  survey 
meters.  Chief  features,  uses,  and 
specifications  for  each  are  given. 
Also  included  are  descriptions  of 
radioassay  accessories. 

!  Annual  NBS  Report.  Department 
!  of  Commerce,  U.  S.  Government 
Printing  Office,  Washington,  D.C. 
The  1947  report  of  the  National 
Bureau  of  Standards  involves  five 
types  of  activities:  research  and 
development;  test,  calibration  and 
standard  samples ;  commodity 
standards  and  codes  and  specifica¬ 
tions;  advisory  services;  and  co¬ 
operative  activities.  A  complete 
table  of  contents  is  given. 

Resistance  Measurement.  James  G. 
Biddle  Co.,  1316  Arch  St.,  Phila- 
j  delphia  7,  Pa.  The  12-page  bulle- 
1  tin  24-25  contains  photographs, 

I  wiring  diagrams  and  charts  show¬ 
ing  various  aspects  of  low-resist¬ 
ance  testing  and  its  application. 

I  It  features  the  Ducter  ohmmeter 
1  which  measures  resistance  down 
'  to  0.000001  ohm. 

Radio  Heater.  Rediffusion  Ltd., 

I  Broomhill  Road,  Wandsworth, 

■  1  London,*  S.  W.  is,  England.  A  re- 


RED  STREAK 

^  TAPES 

most  dependable 
electrical  products 


FREED  TRANSFORMER  CO. 


TODD  PRODUCTS  CO. 
Ml.  Vtrnop,  N.  Y. 


Red  Streak  Acid-Free  tapes 
and  gummed  flat  sheets  are  made 
to  conform'  to  the  most  critical 
specifications  and  are  uniform  in 
thickness. 

Tests  for  free  acids  and  alka- 
lines  are  made  by  pH  method. 

Available  in  materials  and 
thicknesses  listed  below. 

•  .OOS  Cummtd  Whlta  FItxibU  Holland 

•  .OOS  Gummed  Rod  Ropo 

•  .002  Gummed  Glattine 

•  .003— .004— .005— .006 
— .007 — .010  Gummed  Kraft 

•  .005 — .007 — .010  Gummed 
Dalle  Grey  Fish 


HieBiown-Biid^  Mills,  Inc, 


CHIUGO 

608  S.  Dsorbom 


Troy,  Ohio 


NEW  YORK 

3S9  Fifth  Av*. 


ST.  LOUIS  SAN  FRANCISCO  SEAHLE 

40S3  Une«ll  tlvO  430  Mar«i*t  St.  3416  FIrat  St. 

BALTIMORE  2,  MD.  PHILADELPHIA  2,  PA. 
C.  Wilton  Wood,  Inc.  C.  Wilton  Wood,  Inc. 
705  Gorrett  Building  3303  Pockord  Bldg. 


Ik 


ALLEN 


BRADLEY 

AND  OTHERS 

RESISTORS  and 
POTENTIOMETERS 

• 

CAPACITORS 

all  makes 

mica, 

silvermica, 

silvered  button  mica, 

ceramic, 

oilfilled  tubular. 

• 

MAGNET  WIRE 

all  sizes 
all  insulations 


best  quality  only. 

fast  deliveries  from 
immense  stocks. 

recognized  as  source  of 
supply  by  the  ""blue  chips"" 
of  the  electronic  industry. 

NAMES  ON  REQUEST 

LEGRI  S  CO. 

INCORPORATED 
130  West  102  St. 

New  York  25,  N.  Y. 

*  we  ore  supplier  of  many  Univer¬ 
sities,  Research  Laboratories  and  fill 
Government  Orders  per  JAN  Speci- 
ficotions. 


Used  effectively  in  leading  labora¬ 
tories,  such  as:  Harvard  University, 
Bell  Aircraft  Corp.,  and  Hamilton 
Standard  Propellers ...  for  measur¬ 
ing  natural  frequencies  or  speed  of 
rotating  objects,  checking  or  cali¬ 
brating  tachometers,  oscillators,  im¬ 
pulse  generators,  similar  equipment. 

C.  G.  CONN  LTD.,  DEPT.  912 

ElkHART,  IND. 


TiJnite  ^ 


I  Please  send  fut  Sttoboconn  _ _ ^ 

'  folder  containing  information 
I  about  operation  and  applica-  ^  ^ 

tion  of  this  new  precision  in* 

I  strument.  1  undersund  this  places  me  under  no  obt 
I  gallon. 
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NEW  PRODUCTS  (CMtinuec 

cent  leaflet  pictures  and  technic¬ 
ally  describes  the  model  RH.  24 
Redifon  industrial  radio  heater 
with  an  output  of  over  360  watts. 
The  unit  is  specifically  desifirned 
for  dielectric  heating  applications 
and  features  a  single  oscillator 
valve  of  the  latest  repairable 
silica-envelope  type. 

Paper  Tubulars.  Cornell-Dubilier 
Electric  Corp.,  South  Plainfield, 
N.  J.  Descriptive  bulletin  NB116 
covers  the  Grey  Tiger  paper  tubu¬ 
lars  which  are  Vikane  impregnated 
and  feature  outstanding  perform¬ 
ance  over  a  temperature  range  of 
—66  C  to  -f  100  C.  These  capaci¬ 
tors  are  primarily  designed  for  use 
in  automobile  radios  and  other 
high-temperature  applications. 

Recording*  Catalog.  Gorrell  & 
Gorrell,  Haworth,  N.  J.  Bulletin 
G-lOO  is  a  condensed  catalog 
briefly  outlining  features,  func¬ 
tions  and  general  construction  of 
several  types  of  instruments  for 
timing,  control,  and '  graphic  re¬ 
cording.  Complete  details  and  typi¬ 
cal  applications  are  given  in  in¬ 
dividual  bulletins. 


^wAYailabk 
22  Types 


Gothard  Rotary  Converters 
ore  designed  to  deliver  out¬ 
puts  of  90%  Power  Factor. 
Standard  output  voltages 
vary  8  to  15%  from  no  load 
to  full  load.  No  starting  equip¬ 
ment  is  required  up  to  500 
VA.  Input  voltages  from  6  to 
230  V  DC.  Output  110  to 
1000  VA  at  60  cycles,  90  to 
800  VA  at  50  cycles. 


Ask  for  litoratvro 
on  Gothard  Dyna- 
molors,Convor1ort, 
Motor  Gonoraton 
and  Gonoraton. 


MANUFACTURING  CO 

114  CUor  Loko  Avonu*  Springflold,  Illinois 

EXPORT  DIVISION:  25  Worrtn  St..  Now  York  7,  N.  Y. 


Microphones.  Electro-Voice,  Inc., 
Buchanan,  Mich.  Bulletin  103 
illustrates  and  describes  in  four 
pages  many  models  of  micro¬ 
phones,  stands  and  accessories 
now  available. 


Internal  Defect  Locator.  Sperry 
Products,  Inc.,  1506  Willow  Ave., 
Hoboken,  N.  J.  Operation  and  ap¬ 
plication  of  the  new  portable, 
lightweight  type  SR05  supersonic 
reflectoscope  is  described  in  bulle¬ 
tin  3001.  This  nondestructive 
testing  instrument  is  used  for  lo¬ 
cating  internal  defects  in  metals 
and  other  materials. 

Precision  Equipment.  R.T.S.  Elec¬ 
tronics  Ltd.,  King  St.,  Exeter,  Eng¬ 
land.  The  model  EAll  single¬ 
channel  cro,  model  EA20  resist¬ 
ance-capacitance  bridge  and  EA36 
signal  tracer  are  fully  treated  in 
a  12-page,  board-covered  booklet. 

Fractional  H-P  Motors.  Alliance 
Mfg.  Co.,  Alliance,  Ohio.  Various 
types  and  sizes  of  electric  motors 
rated  from  less  than  l/400th  h-p 
to  l/20th  h-p  are  described  and 
illustrated  in  a  four-page  folder. 
Applications  are  given. 

September.  7948  — ELECTRONICS 


Sigma's  specialty  is  the  supplying  of  relays  to  meet  unusually  exacting 
requirements.  Such  success  as  we  enjoy  is  due  as  much  to  willingness  to 
study  applications  in  detail  as  to  basically  good  relay  designs. 

You  are  urged  to  take  advantage  of  this  in  submitting  your  problem, 
by  stating  particulars  of  purpose  and  function, permitting 
/pIOII^  us  to  see  the  relay  as  port 

(h  iHM  of  o  complete  system.  j 


Sipa  Instrument,  m 

RELAYS 

62  Ceykw  St,  Boston  21,  Mass. 


•  HIGH  SPEED  •  LOW  INPUT 

•  LONG  LIFE  '  •  CLOSE  TOLERANCE 

AC . DC  ...  .  POLAR 


3Vi  KW 
VACUUM  TUBE 

BOMBARDER 

or 

INDUaiON 

HEATING  UNIT 


Only  $975 


Never  before  a  value  like  this  KW  bom- 
border  or  high  frequency  induction  heater  .  .  . 
for  saving  time  and  money  in  surface  harden¬ 
ing,  brazing,  soldering,  annealing  and  many 
other  heat  treating  operations.  Is 

Portable  .  .  .  mounted  on  four  rubber 
coasters.  Width  14 Vi";  depth  27"; 
height  42Vi";  weight  300#. 

Operates  from  220  volt  line.  Complete  with 
foot  switch  and  one  heating  coil  made  to  cus¬ 
tomer's  requirements.  Send  samples  of  work 
wanted.  We  will  advise  time  cycle  required 
for  your  particular  job.  Cost,  complete,  only 
$97$.  Immediate  delivery. 

Scientific  Electric  Electronic  Heaters  are  made 
in  the  following  ranges  of  power:  1-2-3- 5-7 Vi- 
10-12Vi-15-18-2S-40-M-80-100-250.  KW. 


Divisioti  of 


T  CORRUGATED  QUENCHED  GAP  CO. 

105-119  Monroe  St.,  Gorfield,  N.  J. 


PRECISION  POTENTIOMETERS 


Toroidal  and  Sinusoidal 


For  use  in  computing  and  analys¬ 
ing  devices;  generation  of  low  fre¬ 
quency  saw  tooth  and  sine  waves; 
controls  for  radio  and  radar  equip¬ 
ment;  position  indicators;  servo¬ 
mechanisms;  electro  medical  in¬ 
struments,  measuring  devices — tele¬ 
metering;  gun  fire  control  where 
360°  rotation,  high  precision  and 
low  noise  levels  are  essential. 

The  type  RL14MS  sinusoidal  po¬ 
tentiometer  is  illustrated.  It  is 
wound  to  a  total  resistance  of 
35,400  ohms  and  provides  two  volt¬ 
ages  proportional  to  the  sine  and 
cosine  of  the  shaft  angle.  It  will 
generate  a  sine  .wave  true  within 
z±z.6%.  Overall  dimensions  are 
4%"  diameter  x  4  11/32  long  plus 
shaft  extension  ^4"  diameter  x 
l*^"  long. 


Write  for  Bulletin  F-60 


THE  6AMEWELL  COMPANY 

( 

Newton  Upper  Falls  64,  Massachusetts 


'fAl^fTAL 


STflUnmfRfllS-ifsf 

METAL  EQUIPMENT 

ADAPTABLE  FOR  EVERY  REQUIREMENT 

Par-AA«tal  Equipment  offers  many  features,  inclining  func¬ 
tional  streamlined  design,  rugged  construction,  beautiful 
finish  .  .  .  plus  ADAPTABILITY,  Eliminate  need  for  special 
made-to-order  units  on  man/  jobs. 


Engineers  and  manufacturers  will 
effect  economies  with  Par-AAetal 
Products,  which  are  available  for 
every  type  of  job  from  a  small 
receiver  to  a  deluxe  broadcast 
transmitter. 

Professional  techniques  and  years 
of  spMializotion  are  reflect^  in 
the  high  quality  of  Par-Metal.  .  . 

CABINETS  •  CHASSIS 
PANELS*RACKS 


un 


Since  1933  PYROFERRIC  has  been  the  standard 
source  for  IRON  CORES  manufactured  to  desired 
permeability,  frequency,  resistance  and 

physical  strength  ...  to  fit  any  circuit. 

PYkOFERRIC,  with  its  background  of  research  and  experience, 
will  gladly  consult  with  you  on  your  IRON  CORE  requirements. 

Pyroferric  Co. 

■  621  EAST  216  STREET,  NEW  YORK  67,  N.  Y. 


The  units  illustrated  represent  a  complete 
redesign  of  our  older  precision  attenuators  for 
laboratory  standards.  Flat  for  all  frequencies  in  the  audio 
range.  Reasonably  flat  to  200  k.c.  up  to  70  db. 

Bulletin  sent  on  request. 


Manufacturers  of  Precision  Electrical  Resistance  Instruments 
337  CENTRAL  AVE.  .  JERSEY  CITY  7,  N.J. 


JONES  DIVISION 


HOWARD  B 


Cinch 
GEORGE  ST 


CmCAGO 


2460 


5^ 


MANUFACTURERS  OF 
MINIATURE  TUBE  RADIOS 
AND  EQUIPMENT 


\it  stoi 

.  Stall 

v'” 

A  Star  Minialwr*  Tuba 
Fin  Slraiyhtannri  (wMi 
itoinlaM  (tnal  imart) 
to  obtain  o  parfact 
At  wban  tba  tvba  ■ 
plocad  in  ttia  aqwip- 
mant.  #JE-1S  (9  pin); 
*IE-13  (7  pin). 


Star  Minioturo  Sochat  Wiring 
FKigt  for  occurota  olignmant 
of  miniotura  socbat  contacts 
during  wiring.  Fracision  cost 
of  line  bota  oNoy — pins  of 
.  stoinlass  stool.  tJV9  (9  pbi); 

[  fJE-lO  (7  pin). 


ScionKficoHy  dosignad  —  Fracision  moda 
Immadioto  OaGvary  in  Any  Ouontitios 

'^CfftSTa  EXPANSION 
i-J  products  CO., INC. 

147  CEDAR  STREH,  NEW  YORK  6.  N.  Y. 


'Hundreds  of  standard 

JONES 

TIRMIHAl  PANELS 

Complete  equipment  for 

^  SPECIALS 


Send  ywr 
specifications 
for  prompt 
quotation 


^^veral  pages  of  Jones 
Catalog  No.  16  illustrate 
standard  and  special  pan* 
els  we  are  constantly  pro* 
ducing.  Latest  special 
equipment  enables  us 
promptly  to  produce  prac* 
tically  any  panel  required. 
Send  print  or  description 
for  prices,  without  obliga¬ 
tion.  Hundreds  of  standard 
terminal  strips  also  listed. 
Send  for  Catalog  with  en* 
gineering  drawings  and 
data. 

JONES  MEANS 

Ptovee  QUALITY 
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DRAKE 

MANUFACTURING  CO. 

1713  W  HUBBARD  ST..  CHICAGO  22 


-SIGNAL- 

LIGHTS 

with 

Built-in  Wire  Leads 


practically 

INFALLIBLE! 

That's  what  users  tell  us  about  the 
new  DRAKE  line  of  Signol  Lights  with 
Built-In  Wire  Leads  ...  For  depend¬ 
ability,  you'll  find  nothing  to  touch  ' 
these  expertly  designed  units  .  .  . 
*and  just  check  these  features: 

•  No  terminals  to  short  circuit 

•  No  questionable  solder  con¬ 
nections  at  Pilot  Light  terminals 

•  ffighly  economical  to  install 

•  Meets  UL  requirements 

Send  today  for  the  new  DRAKE  Cata¬ 
log  ES  ..  .  it's  a  handbook  on  tested, 
inexpensive  Light  Assemblies  ...  no 
cost  or  obligation,  of  course! 

Socket  and  Jewel 
LIGHT  ASSEMBLIES 


h 
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(conHnued  from  p  134) 

programs  are  .  currently  being 
broadcast  in  Leningrad "  twice  a 
week,  and  are  expected  to  be  in¬ 
creased  to  four  times  a  week  soon. 
The  Leningrad  center  also  plans  to 
have  in  operation  by  autumn  a  port¬ 
able  television  transmitter. 

During  the  past  two  years  The 
Moscow  Radio  Club  organized  two 
cycles  of  15  lectures  each  dealing 
with  the  principles  of  television  and 
how  to  build  a  television  receiver. 
Under  the  aegis  of  the  club’s  tele¬ 
vision  section  400  amateurs  made 
their  own  television  receivers  and 
are  now  viewing  regular  programs 
broadcast  by  the  Moscow  Tele- 
Center. 


Rural  Industrial  Radio 

A  SPECIAL  INDUSTRIAL  radio  Service 
was  recently  proposed  by  the  FCC 
to  make  radio-communication  avail¬ 
able  to  persons  engaged  in  commer¬ 
cial  or  industrial  operation’s  which 
are  predominantly  rural  in  nature. 
Under  this  category  would  be  in¬ 
cluded  farming,  ranching,  irriga¬ 
tion’,  mining  and  construction  activ¬ 
ities. 

Also  covered  by  the  proposed  spe¬ 
cial  service  would  be  those  engaged 
in  commercial  and  industrial  oper¬ 
ations  involving  hazard  to  life  and 
property  where  use  of  radio  would 
decrease  such  hazards,  those  en¬ 
gaged  in  operations  reacting  di¬ 
rectly  upon  public  welfare  or  safety, 
and  maintenance  and  repair  serv¬ 
ices  directly  involving  public  health 
or  well-being. 


URSMRE  Meeting 

A  SECOND  joint  meeting  of  the 
American  Section,  International 
Scientific  Radio  Union,  and  the 
Institute  of  Radio  Engineers  will  be 
j  held  in  Washington  on  Thursday, 
Friday,  and  Saturday,  October  7,  8, 
and  9,  1948.  . 

The  program  will,  as  usual,  be 
devoted  to  the  more  fundamental 
and  scientific  aspects  of  radio  and 
electronics.  The  program  of  titles 
and  abstracts  will  be  available  in 
booklet  form  for  distribution  before 
the  meeting.  Anyone  wishing  to 
submit  papers  for  presentation  at 
this  meeting  should  send  in  title 
and  a  100-word  abstract  before 


Intricai 
windinds-ii^ 
cal  of  Claros 
skill 


★  When  it  comes  to  intricate  re¬ 
sistance  strips  and  tricky  controls, 
just  bring  those  engineering  and 
production  problems  to  "Winding 
Headquarters".  That's  what  others 
have  been  doing  for  years  past. 

Clax>stat  craftsmen  have  almost  a 
quarter-century  of  winding  experi¬ 
ence,  outstanding  skill  and 
exclusive  winding  facilities  at  their 
linger  tips. 

Windings  as  fine  as  700  turns  per 
inch  —  wire  sizes  even  down  to 
.0009 "  diameter  —  on  bakelite, 
ceramic  or  other  material  —  flat, 
round,  tapered.  Clarostat  handles 
those  intricate  profile  windings 
for  extraordinary  radio-electronic 
controls.  Also  string  windings  on 
fibre  glass  and  cord. 


Send  us 
your  wind¬ 
ing  prob- 
'  lems.  Let  us 
>■  quote. 


XlWOSlM 


CIUOSUT  MFG  CO .  Inc  •  285  7  N  6tii  St .  Brooklyn.  N.V. 


In  Canada: 


CANADIAN  MARCONI  CO.,  Ltd. 
Montreal.  P.Q..  and  branches 
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HIGH  VOLTAGE 
SELENIUM  RECTIFIERS 


Bradley  selenium  power  rectifiers  ore 
rugge<l  okI  compact.  Square  plates  afford 
moximum  of  rating  to  space  factor.  Con- 
sorratively  rated  up  to  thousands  of  am¬ 
peres.  Shown:  SEI1W20F,  full-wave  bridge, 
rated  at  110  volts  A.C.,  5  amperes  D  C. 


_ - #'< 

■u  •  • 

Ttkfronfx  Typt  511  OxHfotcap* 

VIRTKAL  OifUaiON  SYSTEM 

Amplifitr  Bandwidth  10  me.,  1  stag*;  8  me.,  2 
ilagas. 

Rise  Time  .04  microsec./ 1  stag*;  .05  microtte., 
2  stag*s. 

Maximum  Sanshivity  .27  V/cm.  {B»ak  fa  PeoA). 
Input  Impadane*  Dirtcl  1  m*g.,  JO  mmf./ 
Prob*  10  m*g.,  11  mmf. 


Versatility...  Plus 

The  Tektronix  Type  51 1  is  a  portable 
wide  band  oscilloscope  providing  fa¬ 
cilities  formerly  available  only  in  very 
expensive,  cumbersome  instruments. 

SWEEP  CHARACTERISTICS 

Continuously  variabi*  .1  second  to  1  micro¬ 
second  (10  cm.  doF/ectionj. 

Direct  roading  sweep  speed  dial. 

CFtoice  of  triggorod,  recorrent  or  sing/e  swoops 
at  all  speeds. 

Triggors  on  sine  woves  to  10  me.  or  pulses  over 
.05  mierosocond. 

Any  20%  oF  sweep  moy'be  expended  5  times. 
DC  coupled  PP  omplifior  for  externol  sweep 
Input.  , 

MISCEUANEOUS 

Calibrating  voltago  0-1,  0-10,  0-100  volts, 
60  cycles. 

dtr  5CP1A,  5CP7A  or  SCPllA  oporoting 
at  3  kv. 

Diroet  connection  to  all  platos  from,  side 
panol. 

Total  woight  65  pounds,  soil  eontalnod. 


Pric*  $795.00  f.o.b.  Portland 

Your  inquiry  will  bring  more  detailed  information  and 
nomo  of  tho  noarost  Fiold  Engineering  Representofive. 


fhon.,  BAst  4885 
Cables,  TIKTHONIX 


712  S.  f.  Hawfliorn*  Ifvrf 
rorHoficF  14/  Oregon 


I  Luxtron*  photo  cells  convert  light  into 
electrical  energy.  No  external  voltoge 
is  required  to  operate  meters  and 
meter  relays  directly  from  Bradley 
photo  cells,  improving  control  over 
.  your  processes,  reducing  your  costs, 
i  Housed  model  shown.  Many  different 
I  sizes  and  shapes,  mounted  and  un- 
;  mounted. 

'T  M  RtG  U.  S.  PAT.  OFF. 


Our  engineers  will  select  or  de¬ 
velop  rectifiers  or  photo  cells  to 
meet  your  needs  exactly.  Write 
for  BRADLEY  LINE  showing  Basic 
models. 


BRADLEY 

LABORATORIES,  INC. 

82  Meadow  Si.  New  Haven  10,  Conn. 


PHOTO  CELLS 


COSMALITE 


SIMPLIFY  PHOTO-ELECTRIC 

APPARATUS 


V^CliVEUillD  COMfAlNIRf^ 

6201  BARBERTON  AVE.  CLEVELAND  2,  OHIO 

•  •  * 
nUKIIM  flAllS  (In  M  riiMMk.  WlK..  IsfMawLl  T.ciuam.w .  liittN.Mck..  Iimawi.1  J. 

nma  miflMstPtiwMi.mc.  •  auaninBMi n ctmM. nu 
tAUSIfnca:ltMill2.ttMX«tralTita.lM|..llnr«rklt.H.T.ilMM)IMiSt.lwtM.CMi.  j 
^  UMMAHPUIII:nteimMCMMMrtiH4i.lll.PmsMl.Mirli  _ J 


£OlL  FORMS 


Punched,  threaded,  notched  and  grooved  to  meet  individuol 
specifications.  Exceptional  performance  at  lower  material  costs. 
Ask  about  other  COSMALITE  types  for  coil  forms  and  deflection 
yoke  shells,  cores,  and  rings. 

*Trorfe  Mark  Kegistored 


FOR  RADIO  AND  TELEVISION  RECEIVERS 


ELECTRONICS  — September,  1948 


215 


un 


TROUBLE-FR 


10S-12S  VolU  A.C.  5040  cycles. 


High  and  low  voltage  outputs  available  from 
front  and  rear  of  unit.  Positive  or  negative 
terminal  of  high  voltage  output  may  be 
grounded  as  desired. 


Detailed  specifications  will  be 


forwarded  upon  request 


without  obligation. 


NEWS  OP  THE  INDUSTRY  (continued) 

August  20  to  Dr.  Newbern  Smith, 
Secretary,  American  Section,  URSI, 
National  Bureau  of  Standards, 
Washington  26,  D.  C. 

San  Francisco  Audio  Society 

On  June  22  in  San  Francisco’s  NBC 
Building  the  first  organizing  meet¬ 
ing  for  formation  of  a  San  Fran¬ 
cisco  Section  of  the  Audio  Engi¬ 
neering  Society  was  heW.  About 
thirty  audio  specialists  attended 
and  established  by  acclamation  a 
temporary  chairman,  I.  R.  Ganic  of 
Audiophone,  Oakland,  Calif.  There 
was  also  a  talk  and  demonstration 
of  the  Ampex  tape  recorder  by 
Myron  Stolaroff. 

Television  Reallocation 

Hearings  were  held  in  Washing¬ 
ton,  D.  C.  recently  at  which  the  FCC 
proposed  a  nation-wide  reallocation 
of  the  twelve  television  channels.  A 
10  X  16ft.  map  of  the  U.  S.,  on  which 
interference  conditions  are  graphi¬ 
cally  portrayed,  was  prepared  by 
Allen  B.  DuMont  Laboratories,  Inc., 
for  the  occasion. 


0-500  VOLTS  D  C  AT 
300  MA  WITH  POSITIVE 
OR  NEGATIVE  GROUND 


The  Model  204A  Regulated  Power  Sup* 
ply  will  provide  from  0-500  volts  of 
well  regulated  and  well  filtered  D.C. 
The  output  voltage  is  continuously  vari¬ 
able  without  switching  and  either  posi¬ 
tive  or  negative  side  may  be  grounded. 


•w-i 

CUSTOM-BUILT 

TRUNSFORMERS 

AND  ELECTRICAL  COILS 


The  DuMont  proposal  includes 
first  the  correcting  of  some  serious 
spacings  in  the  proposed  FCC  allo¬ 
cation  plan  and  secondly  the  addi¬ 
tion  of  a  few  further  channels  be¬ 
yond  the  present  twelve. 


Over  25  yocub'  experi¬ 
ence  in  the  mcmuiacture 
of  specials  at  cost  that 
compares  favorably 
with  stcmdord  types. 

From  lOVA  to  300  quality  proved 

KVA  Dry-Type  Only, 

Both  Open  and  En-  by  years  of  actual  use. 


cosed,  1,  2,  &  3  Phase  15 
to  400  Cycles. 


PROMPT  DELIVERIES! 


NOTHELFER 

WINDING  LABORATORIES 

9  ALBERMARLE  AVE.,  TRENTON  3,  N.  J. 


SPECIFICATIONS: 

OUTPUT  VOLTAGE 
High  Voltage:  0-500  Volta  D.C.  contin¬ 
uously  wuiwo  (Without  switching). 
Currant:  300  Ma. 

Low  A.C.  Voltage:  6.3  Volts  A.C.  at  6  amps, 
csntsr-tsppad,  unregulated 

REGULATION 

WltWn  1%  for  voltage  between  30-500 
volte,  from  no  load  to  full  load. 

Within  1%  for  lino  voltage' varialiona  from 
105  to  125  volts  St  full  load  currant  for  any 
voltage  between  30-500  volts  and  within 
2%  at  10  voHs. 

HUM  VOLTAGE 

Within  10  Millivolts  at  any  voltage  or  load 
within  ratings. 


Dr.  Thomas  T.  Goldsmith  (right),  head  of 
DuMont  research  diTision  and  an  assistant. 
Robert  Wakeman,  with  mop  of  U.  S.  show¬ 
ing  FCC's  proposed  aiiocation 


Channel  Numbers  to  Stay 

Wayne  Coy,  chairman  of  the  FCC, 
recently  announced  that  the  Com¬ 
mission  is  not  considering  a  renum- 
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ELECTRONIC  MEASUREMENTS  COMPANY 

RED’^BANK  •  NEW  jERSEY 


MODEL  204A 
REGULATED 


POWER  SUPPLY 


&  MACHINE  COMPANY 


1000  MERWIN  ROAD 
MILFORD,  CONN 


1000  WEST  RIVER  ST 
ELYRIA,  OHIO 
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bering  of  the  present  12  television 
channels.  In  a  letter  to  the  execu¬ 
tive  vice-president  of  the  RMA  he 
stated  that  neither  the  report  and 
order  deleting  Channel  No.  1,  nor 
the  proposed  rule  revising  the  allo¬ 
cation  of  television  channels  con¬ 
templates  changing  the  numbering 
of  the  remaining  12  television  chan¬ 
nels. 


The  theory  and  applkotion 
of  electronics  in  industry^ 


Industrial 
Electronics 
Reference  Book 


higher 

.rODOCTION 


By  Electronics  Engineers  of  the 
Westingbouse  Electric  Corp. 


Army  Tests  Transistors 

A  RECENT  Bell  Laboratories  develop¬ 
ment,  the  transistor  (see  p  68,  this 
issue),  gives  promise  of  having 
great  military  value  for  communi¬ 
cations  equipment.  Exhaustive  tests 
are  being  undertaken  by  the  Signal 
Corps  to  gather  complete  data  on 
the  device’s  characteristics  and  its 
reaction  to  shock,  vibration  and  ex¬ 
tremes  of  climate. 

.  The  transistor,  a  new  crystal 
triode,  is  important  to  the  army  be¬ 
cause,  having  no  filament,  it  re¬ 
quires  no  heating  current  to  amplify 
voltages.  In  portable  communica¬ 
tions  equipment,  such  as  the  walkie- 
talkie  and  the  handy-talkie,  a  large 
part  of  the  weight  and  bulk  consists 
of  batteries  for  heating  tube  fila¬ 
ments.  Transistors  would  greatly 
reduce  the  ground  soldier’s  load. 

Signal  Corps  engineers  caution 
that  there  is  little  conclusive  data 
on  the  new  crystal  triode’s  perform¬ 
ance.  They  believe  it  will  be  useful 
where  low  power  is  involved  but  ex¬ 
pect  to  continue  to  rely  on  the  vac¬ 
uum  tube  for  high-power  equip¬ 
ment. 


This  book  was  compiled  to  answer  the 
need  for  complete  *and  clear  information 
on  the  application  and  design  of  indus¬ 
trial  electronic  equipment.  Written  by  a 
group  of  engineers,  each  an  expert  in  his 
particular  branch  of  electronics,  the 
Industrial  EUfronics  Reference  Book 
contains  the  most  recent  information  on 
the  subject.  The  material  is  directed  at 
the  practicing  engineer.  Its  aim  is  to  give 
him  a  better  understanding  of  the  scope 
and  limitations  of  electronic  apparatus 
as  it  is  applied  tS"  Industrial  processes. 


^  the  W"'” 
ineerins 


^  one  OT  I** 
basic 
fAiUord 
rivet  setting 

machines  — 

oHeting 

oniirnited 

versatility. 


exactly  the 
right  semi- 

tobular  or,  s| 
rivet  or  col 

[beaded 
fastener  fr< 
MiWord's 
compl®'® 


Contents  Include 


Phjraical  Background  of  Industrial  Electron¬ 
ics;  Electron  Emission;  Control  of  Free 
Electrons;  Electrical  Conduction  in  Gasea; 
Vacuum  Tubes;  Gas  Tubes;  Photoelectric 
Devices;  Industrial  X-Ray  Tubes;  Catbode- 
Ray  Tubes;  Ultraviolet  Radiators;  Circuit 
Elements;  Tuned  Circuits  and  Filters;  Trans¬ 
formers;  Vacutun  Tubes  as  Circuit  Elements; 
Electronic  Motor  Control;  Industrial  Photo¬ 
electric  Control;  Care  and  Maintenance  of 
Electronic  Apparatus. 


Utilities  Radio  Committee 

At  a  recent  meeting  attended  by 
twenty-two  power  utilities  repre¬ 
sentatives  from  all  over  the  country, 
the  National  Committee  for  Utili¬ 
ties  Radio  was  organized  in  Chi¬ 
cago.  It  will  be  a  successor  commit¬ 
tee  to  the  group  formerly  known  as 
Committee  4  of  Panel  13,  RTPB. 

The  first  item  of  business  which 
the  new  organization  undertook  was 
the  formulation  of  comments  to  be 
forwarded  to  the  FCC  on  their  new 
proposal  for  the  reallocation  of  fre¬ 
quencies  in  the  various  bands  and  on 
the  proposed  new  rules  under  which 
the  licensees  represented  by  this 
committee  are  to  operate.  Empha- 
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flfCTROWCS 


,GOLD, 


Wherever  power  drivos 


romote  control 


Wo  have  years  of 


experience  in  manufacture 
•"9  flexible  shafting  for 
all  types  of  industry.  |f 
we  do  not  have  what 


require  in  stock. 


vnokt  shofts  to  your  tpocl 
fications.  Our  engineers 
will  be  glad  to  work 


your  problems 


obligation. 


Write  for  Manuai  D 


Precioug  lUetals 
in  Industry 


Fairchild  Type  748 
10-Gang  Linear  Potenfiomefer 

The  Problem:  To  raise  the  function  A  to  various  powers  up  to  A'°.  Space, 
weight  and  driving  torque  to  be  held  to  a  minimum;  accuracy  ta  be  better 
than  .5%. 

The  Solution:  This  Fairchild  type  748  ganged  precision  linear  potentiometer 
with  output  occurocy  ^  .1%.*  Torque  is  reduced  to  a  minimal  5.5  ounce- 
inches  for  the  entire  10-gang  assembly  .  .  .  yripar  contacts  are  in  permanent 
correct  alignment  on  the  windings  .  .  .  backlash  is  completely  eliminated  — 
all  by  mounting  the  units  directly  on  a  single  shaft  without  couplings. 

‘Isolating  amplifiers  between  each  consecutive  cascaded 
voltage  divider  eliminate  loading  errors. 

For  complete  data  on  these  instruments,  precision-engineered  for  over  a 
million  cycles  of  operation,  address  Dept.  I,  884)6  Van  Wyck  Boulevard, 
Jamaica  1,  New  York. 
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F.  W.  STEWART  MFC.  CORP 


4311-13  lAVENSVYOOD  AVI 
CHICAGO  13.  ILL. 

WEST  COACH  BRANCH 

431  VfNia  BlVD.  lOS  ANGEIIS  15,  CAl 


Write  or  phone  (Hartford  2-4271)  our  Research  Department 

THE  J.  M.  1\EY  C0IIIP.41MY  179  eim  stheet  .  harthihu  i,  roikv 

KPEriALIKTR  IIH  PHECIOUS  METAL  METAllUHKV  HIHjCE  1HU 


A  marked  increase  in  service  life  and 
performance  of  brush  contacts  is  made 
I  possible  by  using  minute  quantities  of 
1  an  appropriate  precious  metal  alloy  for 
the  actual  contact.  The  photograph  above 
;  shows  brush  arms  and  contacts  used  in 
'  a  variety  of  typical  applications.  Note 


the  small  amount  of  precious  metal 
needed  to  assure  superior  service. 

Ney  also  offers  industrial  users  a 
wide  range  of  precious  metal  alloys  for 
many  specialized  applications  as  well  as 
gold  solders  and  fine  resistance  wires 
(bare  or  enameled).  Details  on  request. 


CAMERA 

AND  INSTRUMENT  CORPORATION 


These  "silent 
salesmen’’  are  on 
the  job  always 
.  .  .  creating  a 
desire  for  your 
product  at  the 
point  of  sale. 

Any  size,  shape 
or  design  can  be 
created  for  you  by  our  master 
designing  department.  We  have 
36  years  of  "know-how”  and  have 
created  metal  produas  and  dis¬ 
plays  for  the  top  manufacturers. 

Write  today  for  descriptive  folder. 
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ARROW  ELECTRONICS 


82  CORTLANDT  STREET,  NEW  YORK  7 


MOLDED 

TRANCORS 
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sis  was  placed  on  the  importance  of 
communications  in  this  service,  its 
emergency  nature,  and  the  public 
safety  features  involved. 


^/^ectcUi^i/n^  i/n 

ALL  ELECTRONIC  COMPONENTS, 
PARTS,  TEST  EQUIPMENT  AND 

TO  THE  NEEDS  OF 


Rochester  Fall  Meeting 

The  meeting  of  members  of  the 
IRE  and  RMA  Engineering  Depart¬ 
ment  scheduled  for  November  8,  9 
and  10  at  the  Sheraton  Hotel, 
Rochester,  New  York,  will  mark  the 
20th  anniversary  of  the  Rochester 
Fall  Meeting.  Officers  of  the  com¬ 
mittee  in  charge,  in  addition  to  Vir¬ 
gil  Graham  of  Sylvania,  chairman, 
include  Howard  A.  Brown,  vice- 
chairman  and  H.  J.  Klumb,  treas¬ 
urer,  both  with  Rochester  Gas  and 
Electric  Corp.,  and  0.  L.  Angevine 
of  the  Rochester  Engineering  So¬ 
ciety,  secretary. 


CALL  •  WRITE  •  WIRE 

SPECIAL  PEICBS  •  ^UOTATIENS  •  EBUVBRY  SCHBEVLBS 


BUSINESS  NEWS 


Raymond  Rosen  Engineering 
Products,  Inc.  is  a  recently  formed 
subsidiary  of  Raymond  Rosen  &  Co. 
for  handling  specialized  phases  of 
sound,  communication  and  elec¬ 
tronic  engineering  and  development 
work. 


A  COMPLETE  LiNE  OF 
MOLOEO-tRON  CORES 


Hewlett-Packard  Co.,  Palo  Alto, 
Calif.,  manufacturers  of  precision 
electronic  measuring  instruments. 


Whatever  your  requirements  in  iron-powder  parts, 
Lenkurt  can  supply  Trancors  with  outstanding  operating 
characteristics.  A  complete  line  of  low-cost  standard 

I»  cores  and  assemblies  with  and  without 

H  inserts.  For  special  needs— including 

complete  filter  assemblies— a  cqmpe- 
tent  staff  of  engineers  at  your 
disposal.  Write  for  catalog. 


LENKURT  KNOWS  HOW 


Now  Available  . . . 

DIAMOND  NEEDLES 

for  Manufacturers  of 
^  RADIO  PHONOGRAPH  COMB.  I 
if  PICKUPS  .  ' 

if  RADIO  PHONOGRAPH 

TELEVISION  COMB. 
if  TRANSCRIPTIONS 

Our  rMeorch  and  deTelopment  now 
pormit  us  to  oiler  manuiacturers  genu-  I 
ine  diamond  needles  hitherto  unobtoin-  | 
able.  i 

I 

Radius  and  angle  are  positlTe  gem  | 
finish,  insuring  gem  contact  In  record  I 
grooTe.  and  assuring  a  minimum  of  i 
record  wear. 

These  diamond  needles  are  obtain¬ 
able  in  any  radius  and  angle  desired, 
including  one-thousandths  radius  for  the 
new  micro-grooTe  records. 

Our  diamond  needles  may  be  inserted  I 
in  any  spring  or  similar  assembly  with  i 
a  minimum  of  mass.  I 

Send  inquiries  to: 

ROYAL  DIAMOND  TOOL  CO. 

Diamond  Phonograph  Needle  Division 

Plant:  172  Green  St.,  Jamaica  Plain  Stations 
Boston  30.  Mass. 


Offiea:  403  Statler  Building 
Boston  16.  Mass. 


BAACH-INTERNATIONAL 

COMPOUND 
HIGH  VACUUM  PUMP 


This  high  vacuum  pump  is  widely  known 
and  used  extensively  in  the  manufacture  of 
electric  lamps,  radio  tubes,  fluorescent  lamps, 
for  laboratory  work  and  for  many  industrial 
applications  where  high  vacuum,  plus  rapid 
exhausting  are  essential  requirements  in 
processes  of  manufacturing. 

In  free  air  capocities  ranging  from  1  cubic 
foot  to  50  cubic  feet  per  minute. 

Reodings  on  all  sizes  guaranteed  0.50  microns 
or  better. 

Operates  quietly.  Prompt  deliveries 
Write  for  details. 

INTERNATIONAL  MACHINE  WORKS 

Menutaeturers  of  Baaeh- International  Hot  Cut  Flare  ' 
machine.  I 

2027  —  46th  STREET  ^ 

NORTH  BERGEN,  N  J.,  USA 
Tel.  UNion  3-7412 

Cable  Addrett  "INTERMACH”  North  Berien,  N.  J.  j 


SEND  BLDEPRINTS 
If  SPECIFICATIONS 
NO  OBUGATION! 


When  you  uee  these  tough,  light¬ 
weight  and  inexpensive  pans, 

you  build  their  many  advantages 
an 

into  your  own  product.  Fabri¬ 
cated  to  order,  BAER  FIBRE 
washers,  special  shapes,  terminal 
boards,  and  other  parts  are  ac¬ 
curately  and  uniformly  produced 
to  spedficatiOT  in  any  quantity. 
Selection  of  grades  by  physical 
and  electrical  qualities,  permits 
application  to  a  wide  range  of 
operating  ccmditions  and  require¬ 
ments.  Investigate  now! 

UTERATURE  ON  REQUEST 

N.  S.  BAER 
COMPANY 

MONTGOMERl^  ST.,  H^tSlDE,  H.  t. 


DIRECT  BEADING  WATTMnER 
MONITORS  SWR 


Model  MM252 
Model  MM272 


New  Direct  Reading  Wattmeter — MicroMatch  models  MM252  and  MM272 
— can  be  used  in  laboratory  or  field  to  monitor  continuously  RF  power 
or  standing  wave  ratio  at  levels  up  to  500  watts,  and  may  be  used  to 
measure  momentary  power  levels  np  to  1000  watts.  Price,  either  model 
$60.00 

SPECIFICATIONS 

Micro-Match  models  Frequency  Ransu 3  ts  162  Mwaeyclu 

arauable  Im  opara-  Tranimleeton  llna  iasadanca  52  (MM2S2)  ar  72  (MM772)  ahmi 

hon  ol  500  KC  to  250  Wattmatar  Scalaa  0  ta  10.  100  and  1000  watli 

.  MC5,  and  power  lev-  Sanaa  ol  Powar  maainraaiant  l/IO  to  1000  watti 

els  of  2  to  50,000  Power  rania  for  SWR  maaturamant  2-1000  watte 

watts.  Reflactlon  CoaSIclaiit  lata  than  >/x  4b. 

Power  loot  throdab  inttrument  leu  than  3/10  db. 

Connectare  Amshaaal  type  S2-S4:  alia  available  03- 1 R 


Write  for  eomaleta  detailt  an  theu  and  athar  MieraMateb  SWR  and  RF  powar  ■onitori. 

M.  C.  JONES  ELECTBONICS  COMPANY 

BRISTOL,  CONNECTICUT 

Distributed  outside  continental  U.S.A.  by  RCA  InternationaV  Division  Radio  Carperation  at  Aaitrica. 
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ERMINALS 


W«  Make 
Complete 


Condenser  Plates 
Smedl  Meted  Stampings 


For 

LIGHTING 

POWER 

FURNACES 

PHASE 

CHANGING 

DISTRIBUTION 

ETC. 


•  ACCURACY 

•  PRECISION 

•  REASONABLE 
DIE  CHARGES 


Air,  Oil, 
or  Wator 
Cooled 


Modern  Equipment 
and  Factory 

NO  SCREW  MACHINE  PARTS 


Patton-MacGuyer 

Company 


MODEL  SV  30-24 
INPUT:  115  volts,  60  cycl«,  tlngla  pkosa 
OUTPUT:  (Variablo)  0-30  volts  at  hr  to 
24  Amporos  of  Flltarod  D.C. 
RECTIFIER:  Full  wove  bridge  seienlum 
stack 

NET  F.O.B.  BROOKLYN  $298. 
This  unit  is  representative  of  one  of  the 
types  we  supply.  Upon  receipt  of  your 
requirements  we  will  promptly  furnish 
quotation. 

ELECTRONIC  CONTROLS  COMPANY 

OF  NEW  YORK 
3124  Avenue  I 
Brooklyn  10,  N.  Y. 

Phone;  WOrth  2-3844 


SeX  f jif nif  CTO  M  f 

iHiB.EWNnioiirrAiMF«kCOi  mvkion 


DIPT.  R  le  «AST  eetk  st..  niw  toir  i*.  m.  t." 

nixuu  uum  .  nixiMi  M«n  loou  •  *iKiAn  Accfuoiws 

UtAU  CimilM  AMO  MIMWIM  tOOU  •  $»tClAt  KAMWA  lUHMt 

MMS  AosMu  .  NAtnc  uKitiTiM  .  coNnAci  nAdicriMumo 


ARE  USED  IN  THIS 
ULTRA  SENSITIVE 
ELECTRONIC  PHOTOMETER 


S.S. WHITE  RESISTORS 

are  of  panicular  interest  to  all 
who  ne^  resistors  with  inherent 
low  noise  level  and  good  stMlity 
in  all  climates. 

HIGH  VALUE  RANGE 
15  to  10,000,000  MEGOHMS 
STANDARD  RANGE 
1000  OHMS  to  10  MEGOHMS 


In  this  instrument — designed  for  measurement  ol 
very  low  light  values — S.S.White  Resistors  serve 
as  the  grid  resistance  in  the  oil-important  high- 
gain  D£.  amplifier  circuit.  The  manufacturer. 
Photovolt  Corp„  New  York,  N.  Y..  reports  that  the 
resistors  "work  very  satisfactorily" — which  checks 
with  the  experience  of  the  many  other  electronic 
equipment  manufacturers  who  use  S.S.White  re¬ 
sistors.  * 

WRITE  FOR  BULLETIN  4505 

It  gives  essential  data  about 
S.S.White  Resistors,  including 
construction,  characteristics,  di¬ 
mensions,  etc.  Copy  with  price 
list  on  request. 

Pkoto  eourteev  of 
Pkotovolt  Coro.,  New  York,  N.  Y. 
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D.  C.  POWER  SUPPLIES 

Selenium  and  Mercury  Vapor  Rectifiers 
POWER  CONVERSION  FOR— Industrial 
Application — Laboratory  Use — Production 
Testing  of  D.C.  Apparatus — High  Voltage 
Plate  Power  Supply — Dynomotor  Opera¬ 
tion — Electroplating — Rep  lacing  Batteries 
—Etc. 


EISLER 

ELECTRICAL  &  ELECTRONIC 


EQUIPMENT 

ELECTRONIC  TUBE  EQUIPMENT 


36  HEAD 
RADIO  TUBE 
EXHAUSTING 
MACHINE 


Equipment 
For  The 


ARGON 


Manufacture 
Of  Incandes¬ 
cent  Lamps 
Radio  and  Elec 
tronic  Tubes. 


HELIUM 


m  accoraance  wtin 
Customer's  Prints 


KRYPTON 


TRANSFORMERS  OF  ALL  TYPES 


NEON 


XEt40N 

and  Standard  or  Special 


MIXTURES 


Linde  rare  gases  are  spectroscopically 
pure — argon,  helium,  neon,  and  standard 
mixtures  are  available  in  one-  and  two- 
liter  glass  bulbs  and  in  cylinders;  xenon 
and  kryptan  are  available  in  liter  and 
fractional-liter  bulbs. 


SIZES  1/4  to  250  KVA 

SPOT  WELDERS 


OF  ALL  TYPES 
FOR  ALL  PURPOSES 
SIZES  1/4  to  250  KVA 
Butt  Woldars  •  Gun  Woldars 
Are  Welders 
Noon  Sign  Units 
FluorMCont  Tuba 
Manufacturing  Equipmont 


The  word  "Lkido"  is  a  trade-mark  of 


17  VIRGINIA  AVE. 

PROVIDENCE,  R.  I. 


The  Linde  Air  Products  Company 

Unif  Un'on  Corbide  and  Ca/bon  Corporation 

30  Eoit  42nd  St.  |IH 4  New  York  17,  N  Y. 


CHAS.  EISLER 


EISLER  ENGINEERING  CO.,  INC. 


New  Book  mokes 

AUTO  RADIO 
REPAIR  twice 


Covers  all  auto  1^1 
Radio  types  from 
mid-1930’s  to 
present,  includ- 
ing  mobile  FM.  155 


GENERAL  ELECTRIC 


(coiitiniicd) 


NEWS  OF  THE  INDUSTRY 


manufacture  all  Hallicrafters  com¬ 
munication  designs. 


Radio  Sonic  Corp.,  formerly  Tuck 
Electronic  Corp.,  has  moved  its  re¬ 
search  laboratory  and  factory  to  186 
Union  Ave.,  New  Rochelle,  N.  Y. 


American  Broadcasting  Company 
recently  installed  an  RCA  80-ft  an¬ 
tenna  for  WJZ-TV  atop  the  Hotel 
Pierre,  New  York  City. 


General  Electric  Co.,  Syracuse, 
N.  Y.,  designed  and  installed  a  2i- 
watt  f-m  transmitter  for  Syracuse 
University.  Preliminary  FCC  ap¬ 
proval  of  such  noncommercial,  low- 
cost  f-m  broadcasting  has  been 
given.  ‘ 


This  iittle 


SERVICING  THE  MODERN 

CAR  RADIO  by  A.  L.  Hurlbut 


Howard  W.  Sams  &  Co.,  Inc.,  In¬ 
dianapolis,  Ind.,  publishers  of  the 
Photofact  Folders,  began  in  set  No. 
38  a  presentation  of  television  prin¬ 
ciples  for  radio  service  technicians. 
The  entire  series  will  be  included 
in  consecutive  sets. 


Secomd  edition,  702  pages, 
X  11,  222  Ulus.,  over 
500  circuit  diagrams . . .  $7.50 


Economy  in  building  tele¬ 
vision  sets  is  important  and 
the  General  Electric  Focus  Coil 
points  the  way  to  important 
savings  in  manufacturing. 

I  The  G-E  Focus  Coil  re¬ 
quires  less  current  —  per¬ 
mitting  the  use  of  lower- 
priced  power  supplies. 

2  It  is  a  combination  of  the 
new  G-E  Alnico  6  perma¬ 
nent  magnet  and  an 
electro-magnet. 

3  It  is  simple  to  install. 
Forming  a  single  assem¬ 
bly  with  the  deflection 
yoke  and  centering  de¬ 
vice,  the  entire  assembly 
is  mounted  with  one 
bracket. 

A  It  is  small,  compact,  light¬ 
weight-giving  set  de¬ 
signers  more  space  to 
utilize. 


Here — written  by  a  practical  auto  radio  expert  of 
20  years’  standing — is  everything  to  help  the  be¬ 
ginner  or  experienced  serviceinan  gain  profitable' 
skill  in  the  fast-crowing  field  of  car  i^io  servicing. 
A  complete  guide  to  the  work.  Book  not  only 
describe  installation,  testing,  and  repair  methods 
fully,  but  also  gives  needed  special  facts  of  car 
radio  circuits,  differences  beween  car  and  home 
radio  servicing  problems,  shop  set-up  and  business- 
getting  ideas,  etc.  And  invaluable  for  all  jobs  is 
the  big  gallery  of  circuit  diagrams  on  hundreds 
of  models,  old  and  new. 


The  Permanente  Metals  Corp. 
will  reactivate  its  plant  at  Per¬ 
manente,  Calif.,  to  handle  the  facil¬ 
ities  of  an  entire  German  aluminum 
foil  mill  purchased  from  the  For¬ 
eign  Liquidation  Commission. 


Practical  facts  and  methods  on: 


— tsttisf  Into  the  ear  radio 
basinets 

— dlfferenoet  between  mo¬ 
bile  and  home  radios 
— antonnat  and  Input  eir. 
suits 

— power  supplies 
—circuit  features 
— the  auto  olaetrieal  system 
— scttins  up  shop 


—car  set  installations 
—antenna  installation 
— loudspeaker  Installation 
— remedyinp  interference 
— tervlelni  procedure 
— vibrator  maintenance 
— loudspeaker  servicinp 
-car-radio  alignment 
— push-butten  tuning,  etc. 


Fielden  Electronics  Inc.,  of 
Huntington  Station,  N.  Y.,  was  re¬ 
cently  incorporated  and  is  closely 
associated  with  Fielden  (Elec¬ 
tronics)  Ltd.,  of  Manchester,  Eng¬ 
land,  manufacturers  of  the  Drime- 
ter,  a  device  for  giving  continuous 
indication  of  moisture  content  for 
the  textile  industry. 


OPPORTUNITY  OF  A  LIFETIME 


for  oltrt  servicemen,  says  A.  A.  Gbsrardi 
author  of  famous  radio  servicing 
hooks  and  articles 


“I  believe  SERVICING  THE  MODERN 
CAR  RADIO  represents  an  opportunity  no 
wide  awake  serviceman  ran  afford  to  miss. 
There  are  over  9.000.000  car  radios — ap¬ 
proximately  16  out  of  every  100  radio  re¬ 
ceivers  in  use  today — a  wonderful  field  for 
Increasing  servicing  business;  increasing 
profits,  stepping  ahead  of  competition  I 
Good  auto  radio  men  are  scarce,  and  this 
book  gives  you  a  gold  mine  of  liiformation 
you  need  to  rash  in  on  this  profitable, 
fast-growing  business." 


PERSONNEL 


M.  J.  Kelly,  executive  vice-presi¬ 
dent  of  Bell  Telephone  Laboratories, 
has  been  named  chairman  of  the 
newly  constituted  Committee  on 
Navigation  which  will  work  closely 
with  the  Air  Navigation  Develop¬ 
ment  Board. 


When  your  sets  are  placed  on 
the  market— be  sure  they’re 
equipped  with  this  little  G-E 
Focus  Coil  with  the  four  big 
features. 


Murray  Hill  Books,  Inc. 
(Division  of  Rinehart  &  Co.) 
Oopt.  E-98,  232  Madison  Ave. 


For  complete  information  on 
Television  Components  write: 
General  Electric  Company, 
Electronics  Park,  Syracuse,  N.  Y. 


■  Send  me  Hurlbut's  Servicing  the  Modem  Car  Radio  ! 

■  for  10  days’  examination  on  approval.  In  10  days  I  i 
{  will  send  $7.50,  plus  few  cents  postage,  or  return  boo);  * 
•  poetpald.  Postage  paid  on  cash  orders:  same  rKuru  ■ 

■  privilege.  (Itooks  sent  on  approval  In  U.S.  onl.y.  s 

g  Price  outside  U.S..  $8.00.  postpaid.)  g 


Frieda  B.  Hennock  recently  be¬ 
came  the  FCC’s  first  woman  com¬ 
missioner. 


■  Name 


I  Address 


Clarence  A.  Lovell  was  co-recipi¬ 
ent  of  the  1948  Potts  Medal  of  the 
Franklin  Institute  for  combined 


city  (Zone)  &  State. 
Occupation  . 
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W^aw^Meter 


WATCH  FOR  COLLINS 
CUSTOM  COMPONENTS 


For  your  home  entertainment 

group. 

•  FM/AM  tuner  with  bass  and 
treble  controls,  squelch, 
provision  for  TV 

•  High  fidelity  amplifier 

•  Record  changer 

•  Loud  speaker 

•  Antenna 

•  Professional  Transcription 
turntable  (optional) 


tion  opplicotioR  and  eliminates  complex 
test  set-ups. 

The  instrument  incorporates  an  addi¬ 
tional  amplifier  stage  so  that  a  direct- 
inking  recorder  may  be  connected  for 
qualitative  analysis  of  speed  varioHons. 
Send  for  Bulletin  115. 


Newly  developed  direct-reoding  instru¬ 
ment  simplifies  measurements  of  varia¬ 
tions  in  speed  of  phonograph  turntables, 
wire  recorders,  motion  picture  projectors 
and  similar  recording  or  reproducing 
mechanisms. 

The  Furst  Model  115-R  "Wow-Meter"  is 
suitable  for  both  loborotory  and  produc- 

e  Frequency  Response:  Vi  to  120  cycles 

Designers  and  Manufaeiurert  of  Spmeialittd  Electronic  Iqulpmmni 


A  complete  high  fidelity  radio  system 
at  a  reasonable  price. 

All  components  precision  matched  by 
engineers. 

Write  for  details 

COLLINS  AUDIO  PRODUCTS  CO.  INC. 

P.  0.  Box  368  WesHield,  N.  J. 


806  W.  North  Ave.,  Chicago  22,  Illinois 


Wcinled 

Electronic 

Engineers 


Excellent  opporhmities  ior  grad¬ 
uates  with  research,  design, 
and  or  development  experi¬ 
ence  in  Communications  & 
Aerial  Navigation  Systems  in¬ 
cluding  direction  finders,  radar, 
FM,  television,  micro-wave. 


Capitol  Radio 
Engineering  Institute 


**Where 

Professional 

Radiomen 

Study* 


An  Accredited  Technical  Institute 
16th  and  Park  Rd.,  N.W.  Dept.  E-9 
Washington  10,  D.C. 

^  Advanced  Home  Study  and 

Residence  Courses  in  Practi- 
cal  Radio-Electronics  and 
sTni^  Television. 

Approred  tor  Veteran  Training. 


Write  complete  details  regard¬ 
ing  education,  experience  & 
salary  desired. . 

To  Personnel  Department 

FEDERAL 

TELECOMMUNICATION  LABORATORIES, 
500  Washington  Ave.  Nutley,  N.  J. 
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T 


ESZEEBI3 


If  you  Manufacture 


PRESSURE  PATTERNS  GUIDE 

in  Reducing  Fuel  and  Repair  Costs 


NEWS  OF  THE  INDUSTRY  (coaHayed) 

contributions  to  the  theoretical  and 
practical  design  of  the  electrical 
gun  director. 


SYNCHRO-MARKER 

PRESSIJREGRAPH 


David  B.  Parkinson  was  co-recipi¬ 
ent  with  Dr.  C.  A.  Lovell  of  the  1948 
Potts  Medal  of  the  Franklin  Insti¬ 
tute. 


Reveals  bosic  facts  heretofore 
unknown! 


SoWaa  many  proUama  by  raproducing 
on  oacUIogroph  scraan  on  accurdta  plc- 
lura  of  axploaloa  or  praasura  Toriotiona 
ralotad  to  ioctora  of  tlmo,  oagulor  va- 
locity.  paok  and  top  daad  cantor  piaa- 
auroB.  cronkahait,  corboiator  and  ox- 
hauat  acttona.  otc.  . 


Jan  a.  Rajchman,  with  RCA  since 
1936  and  chiefly  responsible  for  the 
development  of  the  electron  multi¬ 
plier,  recently  received  thfe  1948 
Levy  Medal  of  The  Franklin  Insti¬ 
tute  in  recognition  of  a  paper  en¬ 
titled  “The  Electron  Mechanics  of 
Induction  Acceleration”,  jointly  au¬ 
thored  with  W.  H.  Cherry. 


Know  your  pressure  voriotions  and 
you  know  how  to  increase  engine, 
pump  or  pressure  line  efficiency. 


Quickly  paya  for  itaalf  in  operation  and 
mainlananca  aaringe.  Now  uaad  by 
loading  angina,  aircrolt  and  automobile 
monufacturara,  oU  componiaa,  chemical 
plonta  and  raflnariaa.  mUltary  and  norol 
ordnanca.  ate. 


Engma 

Pkktfp 


Angulor  Sync  Prassurogroph  Syncro-Morkor  OsctllogropH 


Sand  today  tor  this 
troe  bookM  llluttrot- 
iMf  many  typical  Prat- 
turagraph  applica¬ 
tions. 


Whatever  your  special  problems  consul¬ 
tation  with  our  engineers  is  cordially 
invited. 


ELECTRO  PRODUCTS  LABORATORIES 

olph  St.,  Chicago  6,  III.  Phon 


W.  H.  Cherry 


I.  A.  Rajchman 


William  H.  Cherry,  co-author  of 
the  above-mentioned  paper,  was  the 
co-recipient  of  the  Levy  Medal.  He 
has  been  engaged  in  research  for 
RCA  since  1941  and  is  at  present 
working  in  the  RCA  television 
group, 

William  Balderston,  formerly 
executive  vice-president,  has  been 
elected  president  of  Philco  Corpo¬ 
ration.  Between  1944  and  1946  he 
directed  the  company’s  recon¬ 
version  to  civilian  production. 


TifocKS  AND  BUSSES 


dUITOMOBILES 


.JftfASHEItS 


YOU  CAN  SAVE 


WITH  ESSEX  "PACKAGED' 


ittUIIICATION 

fANSMITTERS 


DISPENSERS 


Paul  H.  Wendel,  formerly  associ¬ 
ate  editor  of  Radio  News  and  busi¬ 
ness  manager  of  Radio  Mainte¬ 
nance,  has  joined  the  Photofact 
staff  of  Howard  W.  Sams  &  Co., 
Inc.,  Indianapolis,  Ind. 


Dan  Drommerhausen,  senior  engi¬ 
neer  with  Hoffman  Radio  Corp.,  Los 
Angeles,  has  become  manager  of 
the  service  department. 

Stuart  Ballantinb  (deceased) 
was  recently  awarded  posthumously 
the  Armstrong  Medal  for  outstand¬ 
ing  contributions  to  the  art.  One  of 
his  many  works  was  development, 
on  a  purely  mathematical  basis,  of 


WIRE  ASSEMIIY  AND  CORD  SET  DIVISION 
SALES  DEPARTMENT 

MONTICELLO,  INDIANA 

Sale*  Offices:  Chicaao,  Ill.;  Clevelsad,  Ohio;  Dsyton.  Ohio;  Detroit,  Mich.;  K*ns«s 
Gty,  Mo.;  hot  Anceles,  Milwaukee,  Wis.;  Newark,  N.  J.;  Phil^elphia,  Pa.; 

San  Francisco,  Calif.;  St.  Louis,  Mo. 
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Lo-Hi  Television  Antenna 


COVERS  ALL  CHANNELS 

•  SIMPLER 

•  EASIER  TO  ERECT 

•  LOWER  COST 

A  radically  n*w  TaUvision  Antenna  pro- 
riding  two  ■oporato  orray*,  oach  consist¬ 
ing  ol  dipolo  and  rolloctor.  to  insure  maxi¬ 
mum  pickup  lor  all  12  channels.  Both  ar¬ 
rays  ore  luUy  adiustoble  in  both  horisontal 
and  Torticol  planes.  Simple  design, 
quickly  and  easily  assembled.  A  low-cost, 
sotisloctory  Antenno  thot  gets  results. 

Get  complete  details  from  your  radio  Job¬ 
ber  or  write  duect. 


PREMAX  PRODUCTS 

DIVISION  CHISHOLM-RYDER  CO.,  INC. 


4110  HIGHLAND  AVE..  NIAGARA  FALLS.  N.  Y. 


Edison  Model  501 
Thermal  Relay 
Protects  Electronic 
Tube  Cathodes  ;  g 


Delays  application  of  plate 
voltage.T i  ming  varies  with 
line  voltage,  as  does  cath¬ 
ode  heating  time. 

Sealed-in-Glass 
Hermetic  sealing  excludes  dust  and  cor¬ 
rosion.  Arc-quenching  atmosphere  mini¬ 
mizes  contact  pitting  or  transfer.  Contacts 
aauated  silently  and  positively  by  an  elec¬ 
tric  heater.  Insensitive  to  transients  or  mo¬ 
mentary  power  interruptions.  Operates  in 
any  position.  A  simple,  inexpensive  relay 
for  continuous  operation. 

I - GENERAl  SPECIFICATIONS - 1 


Cut  your  production  costs,  increase  your  output  by  controiiing  process 
cycies  with  versatile,  efficient  electric  synchronous  motor  timers.  Use 
them  in  your  own  operations;  specify  Industrial  Timers  for  your  prod¬ 
ucts.  You  get  longer  service  and  unquestioned  accuracy 
with  Industrial  Timer  equipment. 

Two  widely  used  Industrial  Timers! 

Time  Delay  Series— *^ay  be  incorporated  in  assembly 
as  a  unit.  Meter  type  mount  allows  flush  panel  installa¬ 
tion.  Automatic  re-set,  adjustable  timing  cycle  up  to  5 
minutes.  Small  size.  Both  screw  and  solder  type  terminal 
connection.  Available  in  various  voltages  and  frequen¬ 
cies.  Used  on  conveyors,  molding  presses,  in  diathermy 
and  vacuum  tube  operation. 

Automatic  Re-Set  Timer — P  Series — Controls  time  of 
exposure  to  light,  heat,  electric  current  or  agitation. 
Instant  push-button  operation— automatic  re-set.  Can  be 
operated  by  remote  control  positions.  Available  In  maxi¬ 
mum  time  cycles  from  1 5  seconds  to  minutes. 

We  manufacture  more  than  400  types  of  electric  time 
controls  for  specific  jobs.  Write  us  your  requirements. 


INDUSTRIAL  TIMER  CORPORATION 

111  EDISON  PUGE  •  "KNOWN  THE  WORLD  OVER"  NEWMK,  N.  I. 


SMALL  PARTS 

FUomeiita.  anode*,  aupporti.-  epiinqe.  etc. 
for  electronic  tube*.  Small  wire  ond  flat 
metal  formed  parte  to  your  prints  foe  yoiu 
ossemblie*.  Double  pointed  pins.  Wire 
straightened  and  cut  diameter  up  to  Vi- 
Inch.  Any  length  up  to  12  feet 
LUXON  Ashing  tackle  acceeeoriee. 
Inquiries  will  recelT*  prompt  attentloe. 


STAMPING  GO. 

227  mgh  St  Newark  2.  N.  ]. 


Dtliy: 

5  Mc.  to  8  min. 

Pr«Mt  as  required. 

Certicts: 

SPST.  normally  open  or 
closed. 

Certset  Rithg: 

d  amps,  at  250  Tolta 
AC/DC 

Hutir: 

5  watts.  115  volts  max. 
AC/DC 


AnbltRt  RMgt: 

C  to  4.60*  C 

Slzt: 

\Va^  dla.:  hlgli, 

seated. 

Wil|M: 

0.08  lb.  to  0.14  Ib. 

Momtlig: 

Std.  Octal  or  4-pron8 
tube  base. 
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NEWS  OF  THE  INDUSTKY  (continuad) 

the  theory  of  the  vertical  antenna 
and  its  low-angle  radiation. 

Donald  K.  de  Neup  is  chief  engi¬ 
neer  of  the  Rural  Radio  Network’s 
sixth  f-m  station,  WVBN,  at  Turin, 
N.  Y.  Like  the  other  five  (WFNF, 


WVCN),  it  is  operating  on  a  radio 
relay  network  basis.  WGHF  in  New 
York  City  is  an  affiliate. 

I  Everett  S.  Lee,  chief  engineer  of 
G-E’s  General  Engineering  and 
Consulting  Laboratory  at  Schenec¬ 
tady,  has  been  elected  president  of 
the  AIEE  for  1948-49. 

Albert  J.  Friedman,  formerly  asso¬ 
ciated  with  the  Federal  Telephone 
and  Radio  Corp.  of  Nutley,  N.  J. 

!  and  the  Island  Electronics  Co.  of 
i  Freeport,  N.  Y.,  has  been  appointed 
I  chief  antenna  development  engineer 
at  J.  F.  D.  Mfg.  Co.,  Inc.,  Brookljm, 
N.  Y. 

Paul  Thompson  has  been  named 
chief  electronic  engineer  of  the 
Turner  Company,  Cedar  Rapids, 
Iowa,  manufacturers  of  micro¬ 
phones  and  electronic  equipment. 


P.  Thompson 


L.  L.  Helterlino,  Jr. 


For  the  best... 
look  west . 
of  the  Rockies 


♦  t* 


Leo  L.  Helterline,  Jr.  has  been 
promoted  from  chief  engineer  to 
general  manager  of  Sorensen  and 
Co.,  Inc.,  Stamford,  Conn.  He  was 
formerly  associated  with  General 
Motors  and  Sylvania  Electric  Prod¬ 
ucts  Co. 

William  A.  Browne,  former  engi¬ 
neering  buyer  for  radar  develop¬ 
ment  at  Sylvania’s  Electronics  Di¬ 
vision,  was  recently  appointed  mer¬ 
chandising  supervisor  for  the  Radio 
Division  of  Sylvania  Electric  Prod¬ 
ucts,  Inc. 

R.  L.  Campbell  has  established  a 
consulting  television  engineering 
laboratory  in  Boston,  Mass. 


when  others  failed, 
Peerless  engineers 
successfully  solved  a 

TOUGH  PROBLEM 

Illustrated  above  is  a  modulation  transformer, 
extremely  didicult  to  design  and  manufac¬ 
ture.  Other  manufacturers  failed  to  meet  the 
customer’s  requirements.  Peerless  surprised 
the  custonr.er  by  more  than  meeting  require¬ 
ments.  Designed  to  meet  C.A.A.  specifica¬ 
tions  and  specifically,  the  following  electrical 
characteristics: 

FREQUENCY  RESPONSE  —  The  frequency  response  of  this 
unit  IS  flat  within  1  db  from  90  cps  to  12,000  cps 
and  within  .1  db  from  9.000  cps  to  11,000  cps 
for  all  specified  loads. 

DISTORTION  —  The  audio  distortion  in  the  transformer 
IS  less  than  2%  for  all  specified  frequencies  and 
impedances  and  all  power  levels  up  to  2S0  watts. 
INSERTION  LOSS  —  The  insertion  loss  is  less  than  2‘A% 
at  1,000  cps  for  all  specified  loads. 

REACTANCE  —  The  reactive  value  of  the  input  im¬ 
pedance  IS  less  than  100%  of  the  resistive  value 
lor  any  audio  frequency  from  90  cps  to  200  cps; 
less  than  50%  from  200  cps  to  1000  cps;  and  less 
than  15%  from  1000  cps  to  12,000  cps.  These  ratios 
obtain  for  all  specified  loads  at  any  power  level 
up  to  250  watts. 

PHASE  SHIFT  —  The  phase  shift  of  this  unit  is  less 
than  5%  between  9.000  cps  and  11,000  cps  for  all 
rated  impedances. 

LET  PEERLESS  HANDLE 
YOUR  TOUGH  PROBLEMS 

The  above  clearly  demonstrates  that  Peerless, 
with  one  of  the  finest  and  largest  technical 
staffs,  can  design,  engineer  and  manufacture 
transformers  to  meet  your  most  difficult  prob¬ 
lems  and  specifications.  Avoid  delays  that 
cost  time  and  money— consult  Peerless  first. 

PEERLESS  ELECTRICAL 
PRODUCTS  DIVISION 


J^LTEC 


6920  McKinley  Avenue,  Los  Angeles  1,  Calif. 
Frazar  and  Hansen,  Ltd. 

301  Clay  SUeet,  San  Francisco  11,  Calif. 
EitcluiHit  Mxfort  Agtnt 
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HIGH  VOLTAGE 
POWER  SUPPLIES 


PALNUT 

trade  VtKK 

EIF-LOCKING  NUTS 


The  PALNUT  c 


T7CORDIER  ST  IRVINGTON  t;  N  J 


NEW  BOOKS 


Vibration  and  Sound 

By  Phiup  M.  Morse,  Director,  Brook- 
haven  National  Laboratory.  McGraw- 
Hill  Book  Co.,  Inc.,  New  York,  N.  Y. 
1948,  Second  Edition,  468  pages,  $5.50. 

This  is  a  revision  of  the  original 
book  brought  out  in  1986.  The 
author  has  continued  the  objective 
of  the  first  edition,  namely,  a 
thorough  treatment  of  the  theory 
of  vibration  and  sound  for  students 
in  physics  and  communication  engi¬ 
neering.  In  attaining  these  aims 
the  author  has  provided  an  adequate 
and  complete  treatment  of  the 
mathematical  foundations  of  con¬ 
ventional  sound  theory  which  forms 
the  basis  for  the  solution  of  the 
specific  problems.  Accordingly,  the 
first  part  of  the  book  is  concerned 
with  a  complete  mathematical  treat¬ 
ment,  with  most  of  the  detailed 
steps  included.  In  the  latter  portion 
of  the  book,  the  treatment  is  not 
as  complete  and  therefore,  requires 
some  effort  to  fill  in  the  intermedi¬ 
ate  steps. 

The  subject  matter  is  confined  for 
the  mo.st  part  to  types  of  vibrations 
that  can  be  handled  mathematically. 
It  is  not,  however,  a  book  on  mathe¬ 
matics  with  sound  as  an  excuse. 
Mathematics  is  used  as  a  tool. 
Sufficient  explanation  is  given  for 
the  most  part  to  keep  the  physical 
concepts  and  significance  of  the 
formulas  clear. 

The  use  of  diagrams  to  illustrate 
modes  of  vibrations  of  strings,  bars, 
membranes,  and  plates  is  one  of  the 
outstanding  and  useful  features  of 
the  book.  In  the  case  of  membranes 
and  plates,  the  figures  are  presented 
in  perspective  to  show  the  shapes 
for  the  lower  modes  of  vibration. 
Illustrations  of  this  kind  are  useful 
because  they  give  at  a  glance  infor¬ 
mation  which  cannot  be  readily 
gleaned  from  the  mathematics. 

Some  of  the  subjects  not  usu¬ 
ally  considered  in  detail  in  books  on 
sound  are  as  follows:  the  perturba¬ 
tion  theory  of  strings  with  variable 
density,  effect  of  motion  of  the  end 
supports  of  a  string,  vibration  of 
membranes  and  plates,  radiation  re¬ 
sistance  of  radiators  of  various 
shapes,  scattering  of  sound  from 
obstacles,  and  room  acoustics. 

The  transient  response  of  vibrat¬ 
ing  systems  is  one  of  the  important 


on  nut 
r  and  bolt 
assemblies 
with 


PROBLEM:  A  government  research 
agency  required  a  lightweight  0-^ 
KV  Power  Supply, 

■  with  less  than  2% 
ripple  at  50  KV 
•  and  500  pa,  and  a 
removable  control 
panel  for  remote 
operation. 


MAJOR 

^  SPECIFICATIONS 

InRut:  115  volts,  60  cycles;  250 
volt-amperes. 

Output  Voltage:  0-50  KV;  nega¬ 
tive  terminal  grounded;  ripple 
less  than  1  %  at  50  KV  and 
500  uo. 

Sise:  2"  x  16"  x  36" 

Insulation:  Air  insulation 
throughout. 


•  Vibration-proof 


•  Speedy  assembly  with 
hand  or  power  drivers 


•  Small  space 


e  Light  weight 


•  Many  types  for  vori' 
ous  needs 


Power  Supplies  up  to  200,000  volts  DC, 
r^uloted  or  unregulated,  built  to  speci¬ 
fications.  Compactness,  low  cost  and  rapid 
delivery  teotured. 

Submit  your  high  voftoge  power  supply  re¬ 
quirements  to  us  for  a  prompt  bid  on 
price  and  doffrery. 

BETA  raODUCTS  INCLUDE; 

KILOVOLTMETERS:  Up  to  50  KV  .1 
50,000  ohms  per  volt,  20  pa  drain. 

PORTABLE  POWER  SUPPLIES:  Adjust¬ 
able  from  0  to  30  KV  DC.  Regulated 
and  unregulated  units  available. 

ELECTRONIC  MICROAMMETERS:  0.01 
/la  full-Kole  to  100  fia  full-scale  in  5 
decade  ranges.  Cannot  be  damaged  by 
overload. 

ELECTRONIC  RHEOSTATS  Resistance 
continuously  variable  from  above  100,000 
megohms  to  below  100,000  ohms.  Good 
for  voltages  up  to  15  KV. 

Send  for  descriptive  literature 

Soles  Engineers  throughout  the  country  are 
of  your  service  to  discuss  our  products 
more  thoroughly  with  you. 


On  most  light  assemblies,  a  single 
PALNUT  replaces  common  nut 
and  washers.  You  reduce  mate¬ 
rial  and  labor  costs — cut  assem¬ 
bly  time — save  space  and  weight, 
while  gaining  the  security  of 
PALNUT  double-locking  action. 
Send  details  of  fastening  problem, 
for  samples  of  PALNUTS.  Ask 
for  literature  on  entire  line. 
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RADIO-CONTROLLED  JET  FIGHTER  . Cover 

Electronic  equipment  mounted  in  nose  of  P80  permits  pilotless  fliqhts  directed  from  truck  in  bockground  ond  mother 
plane  (see  p  126) 

TELEVISION  TRANSCRIPTIONS,  by  Thomas  T.  Goldsmith,  Jr.  and  Horry  Milhollond .  68 

Recording  images  on  film,  directly  from  a  cathode-ray  monitor 

SERRASOID  F-M  MODULATOR,  by  J.  R.  Day .  .  72 

New  phase-shift  device  with  low  distortion  and  noise  for  use  in  broadcasting 

THE  EDITORS  REPORT  ON  ELECTRONICS  PARK . .  77 

The  full  story,  with  emphasis  on  the  engineers,  supervisors  and  workers  on  whom  the  future  depends 

PEAK-TO-PEAK  VOLTMETER,  by  F.  H.  Shepard,  Jr.  and  Edmund  Osterlond  . 101 

Narrow  voltage  pulses  are  measured  by  stretching  the  pulses 


SATURABLE  REACTORS  AND  MAGNETIC  AMPLIFIERS,  by  Frank  G.  Logon . 104 

•  Practical  effect  of  materials  on  characteristics  are  discussed;  illustrative  applications  show  utility  of  these  components 

TELEVISION  SYNCHRONIZING  SIGNAL  GENERATOR,  by  A.  J.  Baracket . 110 

Driving,  blanking  and  sync  signals  to  fit  FCC  and  RMA  specifications 

SINGLE-SIDEBAND  CRYSTAL  FILTERS,  by  Poul  K.  Taylor  . 116 

Multiple-section  filters  ore  used  for  the  carrier  frequency  and  the  two  sidebands 


TELE  SERVICE  AREAS,  by  John  H.  Battison . 122 

Charts  show  opproximate  distances  to  5,000  {xv  per  m  and  500  ^v  per  m  contours 


BUYERS'  GUIDE  ADDITIONS  AND  CORRECTIONS . 

Changes  and  additions  to  be  used  as  a  supplement  to  the  1948-49  guide 
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